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IN THE couRSE of my revision of the ligneous plants described by 
Léveillé from Eastern Asia, it became apparent that after once going over 
the ground in systematic order, I would have to publish a supplement 
to include those plants which for various reasons, had been omitted in 
the first account. 

When I started this work in 1929, after a short sojourn in Edinburgh 
in the summer of the preceding year, I based it chiefly on notes and 
photographs I had taken and on duplicates of types generously given to 
me whenever feasible, by Sir William Wright Smith, Regius Keeper of 
the Royal Botanic Garden. Later in the course of my work, Sir William 
kindly offered to send me on loan all the types I had not examined while 
in Edinburgh; this enabled me to treat the later families more fully. 
Another reason for the omission of certain species in their proper places 
was the fact that in many instances, species referred by Léveillé to cer- 
tain genera, did not belong there but to families previously treated, e.g. 
Clerodendron Esquirolii which turned out to be a Tacca. There remains 
also to be cited important additional literature dealing with Léveillé’s 
plants and not yet mentioned in my previous publications. 

After having finished my first attempt of an enumeration of Léveillé’s 
ligneous plants in systematic order from the Taxaceae to the Compositae, 
I journeyed last year once more to Edinburgh to go over the Léveillé 
herbarium, and again Sir William facilitated my work in every possible 
way, so that I was able to accomplish much in the limited time at my 
disposal. 

It is to be expected that with the following supplement, the critical 
enumeration of the ligneous species described by Léveillé from eastern 
Asia will be fairly complete with the exception, perhaps, of a few species 
which could not be located in Léveillé’s herbarium. 


1Continued from Vol. 16: 311-340; for preceding parts see Vols. 10: 108-132, 164— 
196; 12: 275-281; 13: 299-332; 14: 223-252; 15: 1-27, 89-117, 267-326. 
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TAXACEAE? 


Podocarpus neriifolius D. Donn. — Rehder in Jour. Arnold Arb. 
10: 108 (1929). 

Alyxia Schlechteri Léveillé, Fl. Kouy-Tchéou, 30 (1914), quoad 
Cavalerie, no. 3463; not Léveillé (1911). 

Cuina. Kweichou: Lo-fou, riviére de louest, J. Cavalerie, 
no. 3463, March 1909, “petit arbre, 4—5 m.” (sub Alyxia Schlechteri in 
herb. Lévl.; duplicate in A. A.). 

Leaves of Cavalerie no. 3463 were sent in 1916 to the Arnold Arbore- 
tum by Léveillé in answer to our request for a fragment of Alyxia 
Schlechteri. For typical A. Schlechteri see Jour. Arnold Arb. 15: 316 
(1934). 

Of P. macrophylla var. Argyi Léveillé in Mem. R. Acad. Ci. Barce- 
lona, ser. 3, 12: 547 (1916), nom. nud., I have seen no description and 
no specimen; it is probably not different from P. macrophylla. 


Taxus chinensis (Pilger) Rehder in Jour. Arnold Arb. 1: 51 (1919). 
Tsuga Mairet Lemée & Léveillé in Monde PI. ser. 2, 16: 20 (1914). — 
Léveillé, Cat. Pl. Yun-Nan, 58 (1916). — Synon. nov. 

CuinaA. Yunnan: commun sur les collines du nord, 700-800 
m., E. E. Maire, May, 1912 (holotype of Tsuga Mairei; photo. and 
merotype in A. A.). 

The type specimen is sterile. To 7. chinensis probably also belongs 
T. cuspidata in Léveillé, Fl. Kouy-Tchéou, 112 (1914). 


PINACEAE? 


Pinus Massoniana Lambert. — Rehder in Jour. Arnold Arb. 10: 
109 (1929). 

Pinus Argyi Lemée & Léveillé in Fedde, Rep. Spec. Nov. 8: 60 
(1910). — Léveillé in Mem. R. Acad. Ci. Barcelona, ser. 3, 12: 547 
(Cat. Pl. Kiang-Sou, 7) (1916). 

Pinus Argyi var. longevaginans Léveillé in Fedde, l.c. and Mem. l.c. 

Pinus Cavaleriei Lemée et Léveillé in Fedde, l.c. 

Pinus tabulaeformis Carr. sensu Rehder in Jour. Arnold Arb. 10: 109 
(1929) quoad syn. P. Argyi; non Hort. ex Carriére. 

Cuina. Kiangsu: Che-sang and Zuosé, Ch. d’Argy (syntypes 
of P. Argyi; photos. in A. A.) ; locality illegible, Ch. d’Argy (holotype of 
P. Argyi var. longevaginans ; photo.in A.A.). Kweichou: Pin-fa, 
montagnes, J. Cavalerie, no. 1695, March 22, 1902 (holotype of P. 
Cavaleriei; photo. in A. A.). 


1See Vol. 10: 108. 
2See Vol. 10: 108. 
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When I enumerated Léveillé’s species cited above in 1929, I had not 
seen any of the type specimens. I have since had the opportunity to 
examine the types, and find that they all belong to P. Massoniana and 
bore already on the sheets identification labels, two (P. Cavaleriei and 
P. Argyi var. longevaginans) by V. Komarov, and the other two signed 
by M. Y. O[rr]. 


Cunninghamia lanceolata (Lamb.) Hooker in Bot. Mag. 54: t. 
2743 (1827). 


Cunninghamia sinensis var. prolifera Lemée & Léveillé in Monde PI. 
ser. 2, 16:20 (1914). — Léveillé, Cat. Pl. Yun-Nan, 56 (1916). 


Cuina. Yunnan: Tong-tchouan, pagode, alt. 2500 m., E. E. 
Maire, March [1910-13] ‘‘rameaux secondaires pendants, naissant tous 
du centre d’un fruit” (holotype of C. sinensis var. prolifera; photo. in 
A3-A.)s 

The abnormality that the axis of the cone continues growing into a 
leafy branch is found occasionally in this species, e.g. in Wilson’s no. 
4076 from Szechuan. It can hardly be considered a variety; at best it 
is a monstrous form. 


Cryptomeria japonica (L.f.) D. Don in Trans. Linn. Soc. 18: 166, 
t. 13, fig. 1 (1841). — Léveillé, Fl. Kouy-Tchéou, 111 (1914); Cat. 
Pl. Yun-Nan, 56 (1916). 
Cupressus Mairei Léveillé, Cat. Pl. Yun-Nan, 56 (1916). —Synon. 
nov. 


Cupressus Duclouxiana Hickel sensu Rehder in Jour. Arnold Arb. 
10: 110 (1929), quoad syn. Cupressus Mairei; non Hickel. 


Cuina. Yunnan: plaine de Tong-tchouan, pagodes, alt. 2500 
m., E. E. Maire, Jan. [1910-13], “grand et superbe resineux, petits 
rameaux decourbants.” (holotype of Cupressus Mairei; photo. and 
merotype in A. A.). 

In 1910 when I referred Cupressus Mairei doubtfully to C. Du- 
clouxiana Hickel, I had not seen the type specimen. 


Thuja orientalis Linnaeus, Sp. Pl. 1002 (1753). — Léveillé, FI. 

Kouy-Tchéou, 112 (1914); Cat. Pl. Yun-Nan, 56 (1916). 
Thuja orientalis L. var. Argyi Léveillé & Lemée in Monde PI. ser. 2, 
17:15 (1915). 

Cuina. Kiangsu: Ch. d’Argy, [1848-66] (holotype of Th. 
orientalis var. Argyi; photo. and merotype in A. A.). 

The specimen which bears staminate flowers differs slightly from the 
usual form in its more slender and distant branchlets, but the differences 
are hardly sufficient to distinguish it as a variety or form. 
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Juniperus squamata Lambert, Descr. Gen. Pinus, 2: 17 (1824). — 
Rehder & Wilson in Jour. Arnold Arb. 9:17 (1928).— Handel- 
Mazzetti, Symb. Sin. 7: 8 (1929). 

Juniperus Franchetiana Léveillé, Cat. Pl. Yun-Nan, 57 (1916), nom. 
seminud. — Komarov in Not. Syst. Herb. Hort. Bot. Reipub. Ross. 
5: 30 (1924), cum descript. 

CutinA. Yunnan: au dessus du col de Yentzchay, J. Delavay, 
no. 3112, July 19, 1887 “arbrisseau a tiges redressées” (ex Komarov; 
syntype in herb. Paris, photo. in A. A.). 

Juniperus Franchetiana, of which the type could not be located in 
the Léveillé herbarium is known to me only from a photograph of a 
Delavay specimen in the Paris herbarium. Komarov distinguishes it 
from J. Fargesii and from J. sguamata chiefly by its fruit and seed char- 
acters, while Handel-Mazzetti l.c. places it under J. squamata. 

Juniperus Franchetiana is based by Léveillé on J. recurva Franchet, 
non Hamilton, which in Plantae Wilsonianae (2: 58. 1914) was cited 
as a synonym of J. sqguamata. Franchet (Pl. David. 1: 292. 1884) 
cites under J, recurva a specimen collected in Shensi without any further 
remarks; the type of J. recurva Franchet, non Hamilton, and conse- 
quently the type of J. Franchetiana, would therefore be the David 
specimen from Shensi and not Delavay’s specimen from Yunnan. 


Juniperus squamata Lamb. var. Fargesii (Komar.) Rehder & 
Wilson in Sargent, Pl. Wilson. 2: 59 (1914). 

Juniperus Fargesti Komarov in sched. Herb. Paris, Feb. 1911; in Not. 
Syst. Herb. Hort. Bot. Reipub. Ross. 5: 30 (1924), cum descript. 
Juniperus Lemeeana Léveillé & Blin in Léveillé, Fl. Kouy-Tchéou, 

111 (1914).— Handel-Mazzetti, Symb. Sin. 7:7 (1929). 

Cuina. Kweichou: Gan-chouen, J. Cavalerie, no. 3922 
(holotype of J. Lemeeana; photo. in A. A.). 

By Komarov and by Handel-Mazzetti this juniper is considered a 
distinct species, but it seems closely connected with J. squamata by inter- 
mediate forms, and I prefer to keep it, at least for the present, as a 
variety of the latter. If considered a distinct species, the correct name 
will be J. Lemeeana Lévl. & Blin which has priority. 


GNETACEAE 


Gnetum Cavaleriei Léveillé, Fl. Kouy-Tchéou, 186 (1914).— 
Markgraf in Engler & Prantl, Nat. Pflanzenfam. ed. 2, 13: 440 (1926). 
Curna. Kweichou: Pin-fa, sur un arbre au sud a Pai-tchen, 
J. Cavalerie, no. 2336, March 30, 1905 (holotype; merotype in A. A.). 
The specimen is fragmentary; it consists of bare branches and broken, 
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immature, catkin-like inflorescences covered with a ferrugineous woolly 
tomentum. By Markgraf (in Bull. Jard. Buitenzorg, ser. 3, 10: 490. 
1930) it was referred to Populus, but it certainly does not belong to that 
genus. From a certain resemblance of the branches and the pubescence 
to Lannea, I thought it might belong to the Anacardiaceae, and Dr. I. W. 
Bailey who kindly examined the wood structure, made the following 
statement: ‘The plant has five traces and five gaps at each node and 
the wood is clearly ring porous. The various anatomical characters, as 
a whole, would appear to place the plant in either the Anacardiaceae or 
the Burseraceae. I should be inclined to place it in the Anacardiaceae 
except for the fact that this family is stated to have trilacunar nodes. 
The Burseraceae have five traces, but I know of no species which is 
ring porous. The transition from three to five traces is an easy one 
and it may be that certain Anacardiaceae have five traces.” 

To the Gnetaceae Léveillé (1.c.) doubtfully refers Cavalerie no. 
2764 from Pin-fa, Li-tséou-gai, April 1906, “grand arbre a tronc 
écailleux, les rameaux coupés laissent couler une sorte de colle.” The 
specimen consists of branches with long pendulous staminate catkins 
which slightly resemble the spikes of Gnetum. It belongs to Carpinus 
and is probably referable to C. Fangiana Hu with which it agrees in the 
large winter-buds with strongly striate scales. 


ARACEAE 


Rhaphidophora Dunniana Léveillé in Fedde, Rep. Spec. Nov. 9: 
325 (1911); Fl. Kouy-Tchéou, 39 (1914). 

Cuina. Kweichou: Kuao-siang, lieux ombreux et frais, 
foréts profonds et ruisseaux, J. Esquirol, no. 246, Jan. 1905, “gros lierre 
qui monte aux arbres et rochers” (holotype; photo. in A. A.). 

The specimen consists only of some bare branches, an immature in- 
florescence and detached leaves which measure 8-15 *& 5-9.5 cm. and 
are abruptly contracted into a short acumen about 5 mm. long. It is 
similar to Rh. Calophyllum Schott from Khasia and Sikkim, but may 
possibly belong to Scindapsus. 


STEMONACEAE 


Stemona japonica (Bl.) Miquel, Prol. Fl. Jap. 386 (1867). 
Helwingia Argyi Léveillé & Vaniot in Bull. Herb. Boissier, ser. 2, 
6: 506 (1906). 
Stemona Argyi (Lévl. & Vant.) Léveillé in Fedde, Rep. Spec. Nov. 
10: 441 (1912); in Mem. Acad. Ci. Barcelona, ser. 3, 12: 560 
(Cat. Pl. Kiang-sou, 20) (1916).— Synon. nov. 
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Cuina. Kiangsu: Sou-tchéou-fou, Ch. d’Argy [1848-66] 
(syntype of Helwingia Argyi; merotype in A. A.). Anhwei: 
Ning-koue-fou, Ch. d’Argy [1848-66] (syntype of H. Argyi; ex 
Léveillé). 

Neither C. H. Wright (in Jour. Linn. Soc. Bot. 32: 493. 1896), nor 
Schlechter (in Notizbl. Bot. Gard. Mus. Berlin, 9: 193. 1924) credit 
S. japonica to China, but Hemsley (in Jour. Linn. Soc. Bot. 36: 95. 
1903) cites a specimen from Kiangsu collected by Carles (no. 357) on 
the hills near Shanghai. 

The two specimens in the Léveillé herbarium are in a cover which 
bears on the outside the localities “Sou-tchéou Ning-koue-fou,” but 
there is no indication from which locality each specimen came, nor any 
reference to Anhwei (Ngan-hoei). 


LILIACEAE? 


Smilax herbacea L. var. acuminata Wright in Jour. Linn. Soc. 

Bot. 36: 97 (1903). 
Smilax herbacea L. var. foetida Léveillé in Mem. Pontif. Accad. 
Nuov. Lincei, 23: 351 (Liliac. 23) (1905); Fl. Kouy-Tchéou, 256 
1914). 
igane time L. var. heterophylla Léveillé 1.c. (1905). 

Cuina. Kweichou: Pin-fa, bois, bords des torrents, lieux 
ombrageux, J. Cavalerie, no. 1314, May 25, 1902 (holotype of S. 
herbacea var. foetida; photo. in A. A.); same locality and collector, no. 
1314, May 22, 1902 (holotype of S. herbacea var. heterophylla; photo. 
in A. A.). 

Both of Léveillé’s varieties cited above are referable to var. acuminata 
Wright with which they agree in the gradually acuminate leaves, but 
they differ widely in the width of their leaves, var. heterophylla having 
on one branch leaves about 8 cm. wide, on the other 2 cm. in width, 
while var. foetida is intermediate with about 3—4 cm. width. 


Smilax glabra Roxburgh, Fl. Ind. ed. 2, 3: 792 (1832). — Léveillé, 
Fl. Kouy-Tchéou, 256 (1914).— Rehder in Jour. Arnold Arb. 10: 110 
(1929). — Wang & Tang in Sinensia, 5: 417 (1934). 

Smilax glabra Roxb. var. maculata Bodinier ex Léveillé in Mem. 
Pontif. Accad. Nuov. Lincei, 23: 351 (Liliac. 23) (1905). 

Smilax Dunniana Léveillé in Fedde, Rep. Spec. Nov. 9: 446 (1911). 

Smilax Blinii Léveillé, Fl. Kouy-Tchéou, 256 (1914). 

Cuina. Kweichou: Ma-jo, J. Cavalerie, no. 2973, July 1908 
(holotype of S$. Dunniana and S. Blinii; merotype in A. A.). Hong - 


1See Vol, 10: 110. 
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kong: dans les rocailles d’un torrent 4 mi-céte du Pic Victoria, E. 
Bodinier, Feb. 24, 1893 (holotype of S. glabra var. maculata ; photo. in 
Asad). 

Smilax Dunniana is not cited in Flore du Kouy-Tchéou, but S. Blinii 
is described as a new species in that work, based on the same number. 
The name S$. Dunniana does not appear on the type specimen in the 
Léveillé herbarium. 

Smilax glabra var. maculata is hardly different enough to be main- 
tained as a variety; it is at best a slight form. Specimens of S. glabra 
with leaves variegated with irregular white spots occasionally occur, 
e.g. T. N. Hsiung 494 from Kiangsi, J. B. Norton 1252 from Fukien and 
U. Faurie 950 from Formosa. 


Smilax microphylla Wright in Kew Bull. 1895: 117.— Wang & 
Tang in Sinensia, 5: 418 (1934). 

Smilax Labordei Léveillé & Vaniot in Mem. Pontif. Accad. Nuov. 
Lincei, 23: 355 (Liliac. 27) (1905). — Léveillé, Fl. Kouy-Tchéou, 
257 (1914). 

Smilax gracillima Léveillé & Vaniot, l.c. 354 (Liliac. 26) (1905). — 
Léveillé, Fl. Kouy-Tchéou, 256 (1914). 

Smilax Darrisii Léveillé in Fedde, Rep. Spec. Nov. 12: 533 (1913) ; 
Fl. Kouy-Tchéou, 256 (1914).—Rehder in Jour. Arnold Arb. 
10: 111 (1929).— Wang & Tang in Sinensia, 5: 419 (1934).— 
Synon. nov. 

Smilax Mairei Léveillé in Bull. Géog. Bot. 25: 39 (1915); Cat. Pl. 
Yun-Nan, 169 (1916).—Rehder in Jour. Arnold Arb. 10: 111 
(1929). 

Cuina. Kweichou: environs de Kouy-yang, mont. du Col- 
lége, rocailles, June 2, 1898 (flowers), environs de Tsin-gay, Dec. 9, 
1897 (fruit), J. Laborde in herb. Bodinier, no. 2318 “petit buisson 
épineux” (holotype of S. Labordei; photo. in A. A.); Tsin-gay, bois, 
J. Cavalerie, no. 1156, July 15, 1903 (holotype of S. gracillima, photo. 
in A. A.); steppes et bois de Gan-chouen, J. Cavalerie, no. 3819, Dec. 
1909, J. Esquirol, no. 3145, May, 1911 (syntypes of S. Darrisii ; mero- 
type of Cavalerie’s and photo. of Esquirol’s specimen in A. A.). 
Yunnan: rochers a mi-mont de La-kou, 2400 m., E. E. Maire, 
June 1912 (holotype of S. Mairei; photo. in A. A.). 

Smilax Darrisii is enumerated as a distinct species by Wang & Tang 
(l.c.) as it was by me (l.c.), but I do not see now that it can be sepa- 
rated from S. microphylla. On the other hand, Wang & Tang refer S. 
castaneiflora Lévl. to S. microphylla, but that is undoubtedly a different 
species. 
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Smilax scobinicaulis Wright in Kew Bull. 1895: 117. 

Smilax brevipes Warburg in Bot. Jahrb. 28: 256 (1900).— Wang & 
Tang in Sinensia, 5: 419 (1934). 

Smilax ocreata Léveillé & Vaniot apud Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei, 23: 354 (Liliac. 26) (1905). — Léveillé, F1.. 
Kouy-Tchéou, 257 (1914).— Non A. De Candolle (1878). 

Smilax Martini Léveillé & Vaniot in Léveillé in Mem. Pontif. Accad. 
Nuov. Lincei, 23: 355 (Liliac. 26) (1905).— Léveillé, Fl. Kouy- 
Tchéou, 257 (1914). 

Smilax Cavaleriei Léveillé & Vaniot apud Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei, 23: 355 (Liliac. 27) (1905). — Léveillé, FI. 
Kouy-Tchéou, 257 (1914) ; Cat. Pl. Yun-Nan, 168 (1916). 

Cuina. Kweichou:_ environs de Gan-pin, au Grandes 
Rocailles, trainant sur les rochers, L. Martin in herb. Bodinier, no. 1871, 
Sept. 17, 1897 (holotype of S. ocreata; photo. in A. A.); Pin-fa, bois, 
J. Cavalerie, no. 1315, May 3, 1902 (holotype of S. Martini; photo. in 
A. A.); Pin-fa, montagnes, J. Cavalerie, no. 1313, May 3, 1902 (holo- 
type of S. Cavaleriei; photo. in A. A.). 

The three species of Léveillé’s had been referred by Wang & Tang to 
S. brevipes Warb. which can hardly be separated from S. scobinicaulis 
as a distinct species. 


Smilax leucocarpa Léveillé & Vaniot apud Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei 23: 354 (Liliac. 26) (1905); 24: 344 (Liliac. 10) 
(1906). — Wang & Tang in Sinensia, 5: 420 (1934). 

Smilax Esquirolii Léveillé, Fl. Kouy-Tchéou, 256 (1914). 

Cutmna. Kweichou: environs de Kouy-yang, dans les bois de 
Kien-lin-chan, E. Bodinier, no. 2124, Apr. 14 (flowers) and July 7 
(fruit), 1898, “arbuste épineux, a tiges dressées, non sarmenteuses” 
(holotype of S. leucocarpa; photo. in A. A.); plateau de San-tou, 1000 
m., J. Esquirol no. 2109, May 1, 1910 (type of S. Esquirolii; photo. in 
A. A.); Gan-pin, J. Cavalerie, no. 2120 (op. cit. 24: 344 under S. leuco- 
carpa; photo. in A. A.). 

This species resembles somewhat in its small leaves S. microphylla 
Wright, but the leaves are cuneate and obtuse and the fruits are yellow; 
from the related S. megalantha Wright and S. China L. it is at once dis- 
tinguished by the very small obovate to obovate-oblong obtuse leaves 
and smaller fruits on shorter peduncles. 

In the Flore du Kouy-Tchéou Léveillé cites S. leucocarpa as a syno- 
nym of S. Esquirolii, a name which appears on the sheet of Esquirol 
2109, but does not seem to have been published before 1914. 


Smilax megalantha Wright in Kew Bull. 1895: 118.— Wang & 
Tang in Sinensia, 5: 420 (1934). 
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Smilax loupouensis Léveillé in Bull. Géog. Bot. 25: 38 (1915) ; Cat. 
Pl. Yun-Nan, 169 (1916). 3 

Smilax ferox Wall. sensu Rehder in Jour. Arnold Arb. 10: 110 (1929), 
p.p., quoad synon. S. loupouensis; non Wall. ex DeCandolle. 

Cuina. Yunnan: “brousse des mont. a Lou-pou, 3000 m., 
E. E. Maire, Sept. 1912, “arbuste grimpant, un peu épineux, feuilles — 
blanches au dessous, fleurs grises” (holotype of S. loupouensis ; mero- 
type in A. A.). 

Smilax loupouensis resembles S. discotis Warb. in its stipules extend- 
ing the entire length of the short petiole, but that species has black 
fruits. From S. ferox, to which it seems closely related, it differs in the 
only slightly spiny branches, in the leaves being abruptly contracted at 
‘the apex and very glaucous beneath and in the stipules. It apparently 
agrees best with S. megalantha, but differs from the type in the shorter 
petioles with the stipules extending the whole length. 


Smilax China Linnaeus, Spec. Pl. 1029 (1753).— Léveillé, FI. 
Kouy-Tchéou, 256 (1914), p.p. excl. syn. S. Bodinieri; Cat. Pl. Yun- 
Nan, 168 (1916).— Norton in Sargent, Pl. Wilson. 3: 4 (1916). 

Smilax Taquetii Léveillé in Fedde, Rep. Spec. Nov. 10: 372 (1912). 
Smilax China L. f. obtusa Léveillé in Mem. Pontif. Accad. Nuov. 
Lincei, 24: 344 (Liliac. 10) (1906). 

Korea. Quelpaert: in silvis Hogno et Hallisan, E. Taquet, 
nos. 3306, 3307, 3308, Jan., May, Aug. 1909 (syntypes of S. Taquetit; 
photo. of 3306 and isotypes of nos. 3306, 3307 and 3308 in A. A.). 

Cu1na. Kiangsu: Tou-gou-lin, Ch. d’Argy, [1848-66] (holo- 
type of S. China f. obtusa; photo. in A. A.). 

Smilax Taquetii was first identified with S$. China by Norton (l.c.). 
Smilax China {. obtusa does not seem to be different from typical S. 
China. 


Smilax glauco-china Warburg in Bot. Jahrb. 29: 255 (1900). — 
Wang & Tang in Sinensia, 5: 420 (1934). 

Smilax Bodinieri Léveillé & Vaniot apud Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei, 23: 355 (Liliac. 27) (1905). 

Smilax China “L.” sensu Léveillé, Fl. Kouy-Tchéou 256 (1914), 
quoad syn. S. Bodinieri; non Linnaeus. 

Cuina. Kweichou: monts de Hin-y-fou et Hin-y-hien, dans 
les haies, E. Bodinier, no. 1581, Apr. 13, 1897 (holotype of S. Bodinieri ; 
photo. in A. A.). 

Smilax Bodinieri was cited as a synonym of S. China L. by Léveillé 
in his Flore du Kouy-Tchéou, but Wang & Tang referred it to S. glauco- 
china. 
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Smilax menispermoidea A. De Candolle, Monog. Phan. 1: 108 
(1878). — Wang & Tang in Sinensia, 5: 420 (1934). 
Smilax luteocaulis Léveillé in Fedde, Rep. Spec. Nov. 13: 339 (1914) ; 
Cat. Pl. Yun-Nan, 169 (1916). 
Cuina. Yunnan: _ brousse du mont To-chan, 3200 m., E. E. 
Maire, June, 1913 (holotype of S. /uteocaulis ; merotype in A. A.). 
The specimen agrees perfectly with typical S. menispermoidea. 


Smilax stemonifolia Léveillé & Vaniot apud Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei 23: 356 (Liliac, 28) (1905).— Wang in Bull. 
Fan Mem. Inst. Biol. 5: 117 (1934). | 

Cuina. Hongkong: bois le long de Bowenroad, trés rare, 
E. Bodinier, no. 804, Aug. 4, 1894 (holotype; photo. in A. A.). 

The type specimen of this species is sterile, but Wang (l.c.) refers 
to it two other specimens, one from Hunan collected by H. F. Chow 
and P. Ou-yang, no. 46102, with young fruit, and one from Anhwei col- 
lected by F. T. Wang, no. 23860, sterile. Wang states that it is closely 
related to §. Bockii Warb. which differs in its much narrower leaves 
- rounded at the base and in longer pedicels. It may also be near S. 
longipes Warb. 


Smilax castaneifiora Léveillé in Bull. Acad. Géog. Bot. 25: 39 
(1915); Cat. Pl. Yun-Nan, 168 (1916). — Rehder in Jour. Arnold Arb. 
10: 111 (1929). 

Smilax microphylla “Wright” sensu Wang & Tang in Sinensia, 5: 418 
(1934) quoad synon. S. castaneiflora; non Wright. 

Cuina. Yunnan: brousse des mont. 4 Tong-tchouan, alt. 2700 
m., E. E. Maire, June 1912, “arbuste grimpant, fleurs ehaeclae fruits 
noire” (holotype; merotype in A. A.). 

In general appearance this species resembles S$. Bockii Warb., but the 
branches are angled and quite spiny, the leaves are short-cordate, 
lanceolate, broad at the base and partly constricted below the middle 
into the narrow long-acuminate upper part. By Wang & Tang the 
species was referred to S. microphylla Wright, but it differs from that 
species in the long peduncle, the gradually acuminate cordate leaves, 
often somewhat restricted below the middle and green beneath. I have 
been unable to identify this species with any Chinese species I know. 
Handel-Mazzetti, no. 10379, from Kweichou may belong here, but it 
has broader leaves and is not spiny. 


Smilax micropoda A. DC. var. reflexa Norton in Sargent, Pl. Wil- 
son. 3: 6 (1916). 
Smilax Lebrunii Léveillé, Fl. Kouy-Tchéou, 257 (1914).— Wang & 
Tang in Sinensia, 5: 421 (1934), “Lebranii.” — Synon. nov. 
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Cuina. Kweichou: bois sacré de Ban-gnien, 1100 m., J. 
Esquirol, no. 3518, March 19, 1912 (holotype of S. Lebrunii; photo. in | 
Anh. 

Wang & Tang keep S. Lebrunii as a distinct species and refer to it 
three specimens from Kwangsi, R. C. Ching 5846, 6992 and 7201 which 
I have not seen. 


Smilax tortopetiolata Léveillé & Vaniot apud Léveillé in Mem. 
Pontif. Accad. Nuov. Lincei 23: 354 (Liliac. 26) (1905); Fl. Kouy- . 
Tchéou, 258 (1914).— Wang & Tang in Sinensia, 5: 422 (1934), excl. 
synon. 

Smilax opaca (A. DC.) Norton in Sargent, Pl. Wilson. 3:11 
(1916). — Synon. nov. 

Cuina. Kweichou: Pin-fa, bois, J. Cavalerie, no. 1312, 
March 18, 1902 (holotype of S. tortopetiolata; photo. in A. A.). 

This species had not yet been reported from western China; it seems 
common in southeastern China and is represented in this herbarium by 
many specimens from Fukien, Kwangtung, Hainan and Kwangsi. I 
have been unable to find any specific difference between S. opaca and 
S. tortopetiolata which has to replace the former on account of priority. 


Smilax cocculoides Warb. var. lanceolata Norton in Sargent, Pl. 
Wilson. 3: 11 (1916). 

Smilax Pinfaensis Léveillé & Vaniot apud Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei, 23: 355 (Liliac. 27) (1905). — Léveillé, Fl. 
Kouy-Tchéou, 257 (1914). — Synon. nov. 

Smilax tortopetiolata “Lévl. & Vant.” sensu Wang & Tang in Sinensia, 
5: 422 (1934), p.p., quoad synon. S. pinfaensis. : 

Cuina. Kweichou: Pin-fa, J. Cavalerie no. 1311, March 18, 
1902, “fl. verte” (holotype of S. pinfaensis; photo. in A. A.). 

Smilax pinfaensis is apparently identical with S. cocculoides var. 
lanceolata Norton, the type of which is in fruit, and which I have before 
me. The flowers agree with those of typical S. cocculoides, as repre- 
sented by Wilson, no. 3252. Wang & Tang (l.c.) refer S. pinfaensis as 
a synonym to S. tortopetiolata, but it is easily distinguished from the 
latter by the narrow-lanceolate, long-acuminate leaves, the slender 
peduncles much longer than the petioles and the short stamens. 


Smilax Lyi Léveillé in Fedde, Rep. Spec. Nov. 8: 171 (1910); Fi. 
Kouy-Tchéou, 257 (1914). — Wang & Tang in Sinensia, 5: 421 (1934). 

Cutna. Kweichou: Pin-fa, montagnes, J. Cavalerie, no. 1406, 
Sept. 27, 1903 “fl. vert-jaune” (holotype; photo. in A. A.). 
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This species was kept distinct by Wang & Tang. The rather meagre 
specimen which consists of a branch with two leaves and an inflo- 
resence in bud, resembles S. stenophylla A. Gray from the Liukiu 
Islands and Formosa, but with the scant material at hand, I hesitate to 
consider these geographically widely separated species identical. 


Smilax perfoliata Loureiro, Fl. Cochinch. 622 (1790).— Wang & 

Tang in Sinensia, 5: 422 (1934). 
Smilax perulata Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 9: 78 
(1910). — Léveillé, Fl. Kouy-Tchéou, 257 (1914). 

Cu1naA. Kweichou: Lo-fou, J. Cavalerie, no. 3648, March 
1909 (holotype of S. perulata ; merotype in A. A.). 

This species was identified first by Wang & Tang with S. perfoliata 
Lour. (S. ocreata A. DC.). 


Heterosmilax Gaudichaudiana (Kunth) Maximowicz in Bull. 
Acad, St. Pétersb. 17: 176 (1872); in Mél. Biol. 8: 415 (1872). — A. 
DeCandolle, Monog. Phan. 1: 44 (1878). — Léveillé in Mem. Pontif. 
Accad. Nuov. Lincei, 23: 350 (Liliac. 22) (1905). 

H eras Gaudichaudiana var. latifolia Bodinier ex Léveillé l.c. 
(1905). 

CuinaA. Hongkong: bord de l’Aquéduc, prés Richmond Ter- 
race, E. Bodinier, Aug. 22, 1894 (holotype of H. Gaudichaudiana var. 
latifolia; photo. in A. A.). 

In the shape and measurements of the leaves Léveillé’s variety agrees 
with DeCandolle’s var. « Gaudichaudiana (l.c.), which represents the 
type of the species. It seems doubtful whether this and var. 8 hong- 
kongensis (Seem.) A. DC., (l.c.) are sufficiently distinct to be main- 
tained as varieties. 


TACCACEAE 


Tacca Esquirolii (Lévl.), comb. nov. 
Clerodendron Esquirolii Léveillé in Fedde, Rep. Spec. Nov. 11: 298 
(1912) ; Fl. Kouy-Tchéou, 439 (1915). 
Tacca Paxiana Limpricht f. in Engler, Pflanzenreich, IV. 42: 16 
(1928). — P’ei in Mem. Sci. Soc. China, 1, no. 3, p. 162 (1932). 
Cuina. Kweichou: bois de Ta-Tham, trés ombreux et chaud, 
J. Esquirol, no. 2802, May 1912, “toute l’inflorescence rouge, lie de vin, 
feuilles radicales, fleur 1 m. de haut sur tige simple” (holotype of Clero- 
dendron Esquirolii; photo. in A. A.). 
Léveillé’s species was first identified by the writer with Tacca 
Paxiana (see P’ei, l.c.). 
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SALICACEAE}! 


Populus adenopoda Maximowicz in Bull. Soc. Nat. Moscou, 54: 50 
(1879). — Léveillé, Fl. Kouy-Tchéou, 380 (1915); Cat. Pl. Yun-Nan, 
250 (1917). — Handel-Mazzetti, Symb. Sin. 7: 58 (1929). 

Populus macranthela Léveillé & Vaniot in Bull. Soc. Bot. France, 
52: 142 (March 1905); in Monde Pl. 12:9 (1910); in Fedde, 
Rep. Spec. Nov. 8: 446 (1910).— Rehder in Jour. Arnold Arb. 
10: 111 (1929). . 

Populus Duclouxiana Dode in Bull. Soc. Nat. Hist. Autun, 18: 190, 
t. 11, f. 329 (Extr. Monog. ined. Populus, 32) (1905). 

Populus rotundifolia Griff. var. Duclouxiana (Dode) Gombocz in 
Math. Termesz. Kozl. 30: 130 (Monog. Gen. Populi) (1908). — 
Schneider in Sargent, Pl. Wilson. 3:25 (1916). 

Populus rotundifolia Griff. o macranthela Gombocz in Bot. Kozl. 
10:25, (7) (1910). — Léveillé, Fl. Kouy-Tchéou, 380 (1915). 

Cuina. Kweichou: Pin-fa, J. Cavalerie, no. 974, April 1, 
1903, ‘“‘grande arbre” (holotype of P. macranthela; photo. in A. A.). 
Yunnan: _ Ko-kouy prés Tchao-tong, Pére Marc Mey in herb. 
F. Ducloux, no. 667, in 1906 (in hb. Léveillé and in hb. Univ. Calif. sub 
P. macranthela ; isotypes of P. Duclouxiana Dode; photos. in A. A.). 

In my earlier account of P. macranthela, I had considered it a species 
distinct from P. adenopoda, chiefly on account of the absence of the 
glands at the base of the blade of the leaves, their glabrousness and 
coarser serration. In comparing a large series of specimens of P. adeno- 
poda one finds a great variability in these characters; though the glands 
are usually conspicuous, they may occasionally be small and partly 
lacking, as in Wilson’s no. 724 from Hupeh, and in Steward, Chiao and 
Cheo, no. 294, from Kweichou. One of the two mature leaves of 
Ducloux’s specimen in the herbarium of the University of California has 
an almost suborbicular shape, but on the material from trees cultivated 
in the Arnold Arboretum similar leaves can be found. Both specimens 
I have seen of Ducloux’s no. 667 bear the name P. macranthela in Lé- 
veillé’s handwriting. Neither Dode nor Gombocz give an exact citation 
of the specimen upon which P. Duclouxiana is based, but I assume that 
the species is based on Ducloux’s no. 667. 

Salix Cavaleriei Léveillé. — Rehder in Jour. Arnold Arb. 10: 113 
(1929). — Handel-Mazzetti, Symb. Sin. 7: 61 (1929). 

Salix erioclada Léveillé.— Rehder, l.c. 115 (1929).— Handel- 
Mazzetti, l.c. 64, fig. 1,1, 2 (1929). 

Handel-Mazzetti gives a detailed description of the species and 
figures staminate and pistillate flowers. 


1See Vol. 10: 111. 
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Salix luctuosa Léveillé. — Rehder, lc. 115 (1929).— Handel- 
Mazzetti, l.c. 68 (1929). 

Handel-Mazzetti gives a full description of the pistillate flowers and 
refers S. dyscrita Schneid. as a synonym to this species. 


Salix Duclouxii Léveillé.— Rehder, l.c. (1929). — Handel-Maz- 
zetti, l.c. 87 (1929). 
Salix kouytchensis (Lévl.) Schneider in Sargent, Pl. Wilson. 3: 171 
(1916). — Rehder, I.c. 117 (1929). 


Handel-Mazzetti unites S. kouytchensis (Lévl.) Schneid. with S. 
Duclouxii and discusses the close relation of the latter to S. Bockii 
Seemen and S. variegata Franch., but prefers to keep these species dis- 
tinct for the present. 


MYRICACEAE! 


Myrica esculenta Hamilton ex D. Don, Prodr. Fl. Nepal, 56 (1825). 
Litsea myricopsis Léveillé, Cat. Pl. Yun-Nan, 150 (1916). — Synon. 
nov. 


Cuina. Kweichou: prés Tchang-pou, J. Cavalerie, no. 2697, 
Nov. 3, 1905, “petit arbre” (holotype of Litsea myricopsis ; merotype 
in A. A.). 

Myrica esculenta has been collected in Kweichou also by Handel- 
Mazzetti (no. 10852). 


Myrica adenophora Hance in Jour. Bot. 21: 357 (1883). — Lé- 

veillé, Fl. Kouy-Tchéou, 281 (1914). 
Litsea Mairei Léveillé, Cat. Pl. Yun-Nan, 150 (1916). — Synon. nov. 

Cuina. Yunnan: collines arides incultes de Tché-hay, alt. 
2600 m., E. E. Maire, March, 1912 “arbousier, arbuste rameuse, fleur 
blanc-verdatre” (holotype of Litsea Mairei; merotype in A. A.). 

M/yrica adenophora does not seem to have been recorded from Yunnan 
before, nor from Kweichou, for I feel sure that Esquirol no. 3296 cited 
by Léveillé in his Flore du Kouy-Tchéou under that species (l.c.) does 
not belong here, but I have not seen it. 


BETULACEAE? 


Alnus Fauriei Léveillé in Bull. Soc. Bot. France, 51: 423 (1904). — 
Rehder in Jour. Arnold Arb. 10: 118 (1929). 

Japan. Hondo: in monte Gurvassan, U. Faurie, no. 783, Sept. 
28, 1897 (holotype; photo. in A. A.). 

The type specimen bears an identification label by Koidzumi with 


1See Vol. 10: 118. 
2See Vol. 10: 118. 
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the legend “Alnus cylindrostachya (Winkl.) Koidz.” Though Wink- 
ler’s name, A. glutinosa var. cylindrostachya, was published June 17, 
1904, while Léveillé’s name did not appear before November 1904, 
Léveillé’s binomial has precedence over Winkler’s varietal name. 


Alnus nepalensis D. Don, Prodr. Fl. Nepal. 58 (1825). — Léveillé, 

Fl. Kouy-Tchéou, 124 (1914); Cat. Pl. Yun-Nan, 66 (1916). 
Alnus Mairei Léveillé in Bull. Géog. Bot. 24: 283 (1914). 

Cuina. Yunnan: vallées et montagnes de Tong-tchouan, 2500- 
2700 m., E. E. Maire, Nov. 1913, “grand arbre, chatons jaunes” (holo- 
type of A. Mairei; photo. in A. A.). 

Alnus Mairei was referred to A. nepalensis by Léveillé himself in 
1916. 


Carpinus Seemeniana Diels in Bot. Jahrb. 29: 279 (1900).— 
Schneider in Sargent, Pl. Wilson. 2: 430 (1916). 

Carpinus pinfaensis Léveillé & Vaniot in Bull. Soc. Bot. France, 
52: 142 (1905). 

Carpinus pubescens Burkill sensu Winkler in Bot. Jahrb. 51: 501 
(1914), p.p., quoad syn. C. pinfaensis et C. Seemeniana. — Léveillé, 
Fl. Kouy-Tchéou, 125 (1914).—Hu in Sunyatsenia, 1: 119 
(1933). 

Cura. Kweichou: Pin-fa, J. Cavalerie, no. 1011, May 28, 
1903, “arbre” (holotype of C. pinfaensis; photo. in A. A.). 

Carpinus pinfaensis was first referred to C. pubescens (including C. 
Seemeniana) by Winkler in 1914, but in 1916 it was placed under C. 
Seemeniana by Schneider, where it certainly belongs if C. Seemeniana 
and C. pubescens are considered distinct. These two species and also 
C. austrosinensis Hu are closely related and perhaps best united under 
C. pubescens with one or two varieties, but at present I prefer to keep 
C. Seemeniana as a species, since the extreme forms are quite distinct. 
Carpinus austrosinensis is nearer to the latter. 


Carpinus laxiflora Blume, Mus. Bot. Lugd.-Bat..1: 309 (1850): — 

Schneider in Sargent, Pl. Wilson. 2: 438 (1916). 
? Carpinus laxiflora Bl. var. chartacea Léveillé in Bull. Soc. Bot. 
France, 51: 424 (1904). 

JaPan: without locality and collector (holotype of var. chartacea; 
ex Léveillé). 

No specimen named C. laxifolia var. chartacea can be found in the 
Léveillé herbarium, but I have no doubt that it is but a slight variation 
of C. laxiflora under which it was placed by Schneider in 1916. 
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FAGACEAE? 


Castanea mollissima Blume in Mus. Bot. Lugd.-Bat. 1: 286 (1850). 

Castanopsis yunnanensis (Franch.) Léveillé, Cat. Pl. Yun-Nan, 66 

(1916), Syn.: “(C. vulgaris L., p.p.)” — Camus, Chataigniers, 485 
(1929). 

The combination Castanopsis yunnanensis was published by Léveillé 
without any citation of a specimen. It is based on Castanea vulgaris 
var. yunnanensis Franchet which is a synonym of C. mollissima; also 
the citation by Léveillé of C. vulgaris L., p.p., as a synonym seems to 
indicate that it is a true Castanea. It can, therefore, hardly be referred 
to any other species than C. mollissima which is common in Yunnan; 
probably to this species belongs also C. sativa Mill. cited in Cat. Pl. 
Yun-Nan, 66. 


Castanopsis cuspidata (Thbg.) Schottky in Bot. Jahrb. 47: 625 

(1912). 
Castanea Fauriei Léveillé & Vaniot in Bull. Soc. Bot. France, 52: 142 
(1905).— Camus, Chataigniers, 241 (1929). — Synon. nov. 

JaPpAN. Kiushu: autour de Nagasaki, U. Faurie, no. 3681, June 
1899 (holotype of C. Fauriei; isotype in A. A.). 

Miss Camus enumerated C. Fauriei under the doubtful species of Cas- 
tanea with a note that it is probably a Castanopsis. 


Castanopsis hystrix (Hook. f. & Th.) A. DeCandolle in Jour. Bot. 
1: 182 (1863); Prodr. 167: 111 (1864). — Léveillé, Cat. Pl. Yun-Nan, 
66 (1916). — Rehder in Jour. Arnold Arb. 10: 118 (1929). 

Castanea Bodinieri Léveillé & Vaniot in Bull. Soc. Bot. France, 52: 
142 (1905). — Léveillé, Cat. Pl. Yun-Nan, 66 (1916).— Camus, 
Chataigniers, 241 (1929). 

Castanopsis Bodinieri (Lévl. & Vant.) Koidzumi in Tokyo Bot. Mag. 
30: 100 (1916) “Boodinieri.” 

Quercus brunnea Léveillé in Fedde, Rep. Spec. Nov. 12: 364 (1913) ; 
Fl. Kouy-Tchéou, 127 (1914). — Camus, Chataigniers, 482 (1929) ; 
Atlas, pl. 28, fig. 9-11, 1x. f. 9-17 (1928). 

Castanopsis brunnea (Lévl.) Camus, Chataigniers, Atlas, pl. 28 
(1928). 

CuinA. Kweichou: Pin-fa, bois, J. Cavalerie, no. 2299, Apr. 
13, 1905 (holotype of Q. brunnea; photo.in A.A.). Yunnan: en- 
virons de Yun-nan-sen, bois de la pagode de Kiang-tchou-se, E. Bo- 
dinier, Feb. 2, 1897, “grand arbuste ou petit arbre, fruits en long épis a 
glands sessiles serrés” (holotype of Castanea Bodinieri; photo. in A. A.). 

Castanea Bodinieri is enumerated by Miss Camus (l.c.) under in- 


1See Vol. 10: 118. 
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completely known species of Castanea. Quercus brunnea she describes 
under doubtful species of Castanopsis and says “probablement var. ou 
sous-espéce du C. Hystrix.” 


Castanopsis Eyrei (Champ.) Tutcher in Jour. Linn. Soc. Bot. 37: 
68 (1905).— Chun in Sunyatsenia, 1: 217, pl. 35 (1934), excl. syn. Q. 
Castanopsis. 

Castanopsis caudata Franchet in Nouv..Arch. Mus. Paris, ser. 3, 7: 87 
(Pl. David. 1:277) (1884).—Rehder in Jour. Arnold Arb. 
10: 119 (1929), excl. syn. Q. Castanopsis. —Handel-Mazzetti, 
Symb. Sin. 7: 28 (1929). 

Quercus trinervis Léveillé in Fedde, Rep. Spec. Nov. 12: 364 (1913); 
Fl. Kouy-Tchéou, 128 (1914). 

Quercus cepifera Léveillé, 1.c. 364 (1913) ; lic. 127 (1914), pro parte, 
quoad specimina foliifera. 

Castanopsis asymetrica Léveillé, Fl. Kouy-Tchéou, 125 (1914).— A. 
Camus, Chataigniers, 472 (1929) “asymmetrica”; Atlas, pl. 72, fig. 
15, xxx1v, fig. 17-19 (1928). 

Castanopsis neo-Cavaleriei A. Camus, Chataigniers, 375 (1929); 
Atlas, pl. 72, fig. 1-12, xxx1v, fig. 8-15 (1928). 

Castanopsis trinervis (Lévl.) A. Camus, op. cit. 400 (1929); Atlas, 
pl. 70, fig. 1-7, xxx111, fig. 1-7 (1928). 

Castanopsis tribuloides var. echidnocarpa King sensu Rehder in Jour. 
Arnold Arb. 10: 119 (1929) ; non King apud Hooker f. (1888). 

CuInA. Kweichou: J. Cavalerie, no. 3275, Aug. 20, 1908 
(holotype of Q. trinervis ; photo. in A. A.); sud de Pin-fa, rare, J. Cava- 
lerie, no. 2341 (in part, except fruit), June 8, 1905 “fruits ci-joints 
trouvés par terre; apartiennent-ils 4 cet arbre” (holotype of Q. cepifera, 
except fruit; photo. in A. A.) ; Kouy-yang, monts du Collége, J. Chaffan- 
jon in herb. Bodinier, no. 2235, Apr. 15, 1898, “‘arbre, fleurs blanches” 
(syntype of Castanopsis asymetrica; merotype in A. A.); Kouy-yang, 
bois d’une pagode, J. Cavalerie, no. 2078 [cited as 2178 by Léveillé], 
“arbre” (syntype of C. asymetrica; photo. in A, A.); Kien-lin-chan, J. 
Esquirol, no. 17, May 2, 1904, “feuilles de camélia” (syntype of C. 
asymetrica; photo. in A. A.). = 

I agree with Chun in considering Castanopsis Eyrei and C. caudata 
identical. Miss Camus places C. asymmetrica, C. Eyrei and C. caudata 
among the incompletely known species and describes C. trinervis as a 
distinct species. Handel-Mazzetti cites Castanopsis asymetrica as a 
synonym of C. caudata Franch. 


Castanopsis neo-Cavaleriei A. Camus in Bull. Bimens. Soc. Linn. 
Lyon, 8: 87 (1929); Chataigniers, 375 (1929); Atlas, pl. 72, fig. 1-12, 
XxIVv, fig. 8-15 (1928). 
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Quercus Cavaleriet Léveillé & Vaniot in Bull. Soc. Bot. France, 52: 
142 (1905) ; Fl. Kouy-Tchéou, 127 (1914). 

Quercus Castanopsis Léveillé in Fedde, Rep. Spec. Nov. 12: 363 
(1913) ; Fl. Kotry-Tchéou, 127 (1914). 

Castanopsis caudata Franchet sensu Rehder in Jour. Arnold Arb. 10: 
119 (1929), quoad syn. Q. Castanopsis; non Franchet. 

Castanopsis tribuloides var. echidnocarpa King sensu Rehder, l.c. 
(1929) ; non King ex Hooker f. 

Castanopsis eyrei (Champ.) Tutcher sensu Chun in Sunyatsenia, 
1: 217 (1934), quoad syn. Q. Castanopsis; non (Champ.) Tutcher. 


Cuina. Kweichou: Pin-fa, hautes montagnes, J. Cavalerie, 
no. 57 (in part; young fruit), July 15, 1902, “petit arbre” (holotype of 
Quercus Cavaleriei; photo. in A. A.); Pin-fa, Ma-jo, hautes montagnes, 
rare, J. Cavalerie, no. 57 (in part; flowers), May 1902 (syntype of Q. 
Castanopsis ; merotype in A. A.); same locality, J. Cavalerie, no. 57, 
Aug. 1908 (syntype of Q. Castanopsis; merotype in A. A.); same lo- 
cality, J. Cavalerie, no. 1268, July 1908 (syntype of Q. Castanopsis ; 
ex Léveillé; ? merotype in A. A.). 

This species is closely related to C. Eyrei, but differs in the thinly 
scurfy-tomentulose brownish under side of the leaves — quite glabrous 
in C. Eyrei — and in the larger, very oblique cupula with more distinct 
fascicles of spines nearly wanting on the ventral side. From C. Fargesii 
Franch. it differs in the broader leaves less densely tomentulose be- 
neath, —in C. Fargesii the dense brown tomentum obscures the vein- 
lets, — and in the larger apparently indehiscent cupula. Two fruiting 
spikes are figured by Miss Camus on pl. 72; fig. 3 apparently represents 
the young fruits of Q. Cavaleriei, while fig. 4-6 represent mature fruits 
of Q. Castanopsis collected in August. 

The name C. neo-Cavaleriei for this species has to stand, since there 
exists already a Castanopsis Cavaleriei Lévl. of 1913 which, however, 
is not a Castanopsis, but represents Sloanea sinensis (Hance) Hu (see 
Jour. Arnold Arb. 15: 89. 1934), and the specific epithet of the second 
synonym cannot be transferred to Castanopsis, since this would result 
in a tautonym. 


Castanopsis tibetana Hance: — Rehder in Jour. Arnold Arb. 10: 119 
(1929). 

Quercus Franchetiana Léveillé, Fl. Kouy-Tchéou, 128 (1915).— 
Camus, Chataigniers, 485 (1929). 

Miss Camus states that C. Franchetiana is perhaps identical with C. 
tibetana; in a note she says that the leaves of the former are quite differ- 
ent from those of Hance’s type in shape, are very lustrous above and 
more waxy and less pubescent beneath but that she has seen an inter- 
mediate form. 
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Castanopsis cryptoneuron (Lévl.) Rehder in Jour. Arnold Arb. 10: 
119 (1929).— Camus, Chataigniers, Atlas, pl. 54, fig. 1-4 (1928), 
nom, tantum; text, 418 (1929). 

Miss coats cites the combination as dating fon her Atlas of 1928, 
but since the original binomial is not cited there, it cannot be considered 
as validly published. 


Castanopsis spec. Rehder in Jour. Arnold Arb. 10: 120 (1929). 
Quercus Argyi Léveillé in Mem. Acad. Ci. Art. Barcelona, ser. 3, 
12: 548 (Cat. Pl. Kiang-Sou, 8) (1916). 


Cuina. Kiangsu: Sonosé, Ch. d’Argy, nos. 842, 856 [1846- 
66]. 

In the cover of Q. Argyi in Léveillé’s herbarium, there are two speci- 
mens, no. 842 with pistillate and no. 856 with staminate flowers, both 
belonging apparently to the same species related to C. Fargesii Franch., 
but they have broader and more serrate leaves. Cavalerie’s no. 2078 
(not 2178) of which I stated (l.c.) that it may belong here, belongs to 
C. Eyreit (Champ.) Tutch. together with the other specimens of Casta- 
nopsis asymetrica. 


Castanopsis spec. 

Myrica Cavaleriei Léveillé in Fedde, Rep. Spec. Nov. 12: 537 (1913), 
pro parte, quoad specim. 9. 

Cuina. Kweichou: haut plateau, route de Pin-fa a Kouy- 
yang, J. Cavalerie, no. 3184, June 1908 (holotype of Myrica Cavaleriet, 
in part; photo. in A. A.). ; 

Cavalerie’s no. 3184 consists of two leafless branches, for which see 
Quercus spec. (p. 72), and a leafy branch with short axillary spikes of 
pistillate flowers and with lanceolate slender-petioled leaves 10-12 cm. 
long and about 2 cm. broad. 


Quercus serrata Thunberg. — Rehder in Jour. Arnold Arb. 10: 120 
(1929). 

Since the name Q. serrata Thbg. which correctly belongs to the species 
named Q. glandulifera Bl. has been applied by almost all authors, fol- 
lowing Siebold and Zuccarini, to Q. acutissima Carruthers, it is advis- 
able to consider Q. serrata a nomen ambiguum and use Q. acutissima 
and Q. glandulifera for the two species involved. 


Quercus guyavaefolia Léveillé in Fedde, Rep. Spec. Nov. 12: 363 
(1913); Cat. Pl. Yun-Nan, 67 (1916) “guyavifolia.””— Rehder in 
Jour. Arnold Arb. 10: 121 (1929).— Camus, Chénes, Atlas, 1: t. 35 
(1934). 
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Quercus semecarpifolia Sm. var. longispica Handel-Mazzetti, Symb. 
Sin. 7: 39 (1929). 

Handel-Mazzetti cites Q. guyavaefolia as a synonym of his Q. seme- 
carpifolia var. longispica, but does not enumerate the type of Léveillé’s 
species, and apparently bases his description on other specimens from 
Yunnan and also from Szechuan; Miss Camus’ illustrations also are 
partly based on other specimens. The type specimen of Q. guyavaefolia 
has all the leaves entire. 


Quercus Prainiana Léveillé. — Rehder in Jour. Arnold Arb. 10: 121 
(1929). 

This species is figured by Léveillé in the manuscript work Cat. Ill. 
Pl. Seu-Tchouan on pl. 23 under the name Q. Prainit. 


Quercus glauca Thunberg, Fl. Jap. 175 (1784).— Rehder in Jour. 
Arnold Arb. 10: 121 (1929).— Handel-Mazzetti, Symb. Sin. 7: 50 
(1929). 

Quercus Blaket Skan var. Vaniotii (Lévl.) Chun in Jour. Arnold 
Arb. 9: 153 (1928). 


Chun’s new combination is based on Q. Vaniotii Lévl. and on Cava- 
lerie, no. 3274 (not 3264, as cited), which undoubtedly belongs to Q. 
glauca; he evidently placed too much faith in Léveillé’s statement, that 
Q. Vanioti is very closely related to Q. Blakei Skan. The type speci- 
men consists only of sterile branches; the leaves show the closely 
appressed pubescence of Q. glauca, while Q. Blakei has the leaves gla- 
brous and green beneath, more gradually attenuate at base and with 
shorter appressed and fewer teeth. Handel-Mazzetti cites (l.c.) Q. 
Vanioti as a synonym of Q. glauca. 


Quercus spec. — Rehder in Jour. Arnold Arb. 10: 122 (1929). 
Myrica Cavaleriei Léveillé in Fedde, Rep. Spec. Nov. 12: 537 (1913), 
pro parte, quoad specim. ¢. 

Cuina. Kweichou: haut plateau, route de Pin-fa 4 Kouy- 
yang, J. Cavalerie, no. 3184 in part (3), April, 1908 (holotype of 
Myrica Cavaleriei, in part; photo. in A. A.). 

To Quercus belong two leafless branches with immature staminate 
catkins; for the pistillate specimen see Castanopsis spec. (p. 71). 


- MORACEAE? 


Vanieria tricuspidata (Carr.) Hu in Jour. Arnold Arb. 5: 228 
(1924). 
Cudrania tricuspidata Bureau in Lavallée, Arb. Segrez. 243 
(1877). — Nakai, Fl. Sylv. Kor. 19: 114 (1932). 


1See Vol. 10: 123. 
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Morus integrifolia Léveillé & Vaniot in Bull. Acad. Intern. Géog. Bot. 
17, no. 210-11, p. iii (1907). — Schneider in Sargent, Pl. Wilson. 
3: 301, in nota (1916). 

Cuina. Hopei: Tchao-tchao, cimetiére, L. Chanet, no. 49, 
June 25, 1905. “fruit rouge a la maturité” (holotype of Morus integri- 
folia; photo. in A. A.). 

Nakai (l.c.) seems to have first referred Morus integrifolia to this 
species. As Cudrania Trécul, though proposed as a nomen conservan- 
dum, did not receive the unanimous vote of the Committee, I retain here 
the oldest generic name Vanieria Lour. 

As Chanet collected his specimen in a cemetery, it was probably from 
a planted tree+ the specimen has not been recorded as growing wild in 
Hopei, but we have specimens in the herbarium from the adjoining 
provinces — Shansi, Honan and Shantung. 


Ficus gibbosa BI. var. cuspidifera King. — Rehder in Jour. Arnold 
Arb. 10: 123 (1929). 
Ficus cuspidifera Miquel in London Jour. Bot. 7: 434 (1848).— 
Handel-Mazzetti, Symb. Sin. 7:92 (1929). 
Handel-Mazzetti cites F. rhomboidalis Lévl. & Vant. as a synonym of. 
F. cuspidifera. 


Ficus glaberrima Blume, Bijdr. 451 (1825). 

Ficus suberosa Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 8: 549 
(1910). — Léveillé, Fl. Kouy-Tchéou, 433 (1915).—Rehder in 
Jour. Arnold Arb. 10: 131 (1929).— Synon. nov. 

Ficus Blinii Léveillé & Vaniot, l.c. 550 (1910). — Léveillé, l.c. 429 
(1915). — Synon. nov. 

Ficus Feddei Léveillé & Vaniot, op. cit. 9: 19 (1910). — Synon. nov. 

Ficus Kingiana Léveillé, Fl. Kouy-Tchéou, 431 (1915), pro parte; 
non Hemsley. — Synon. nov. 

Cuina. Kweichou: Lo-fou, J. Cavalerie, no. 3597, March 
1909, (holotype of F. suberosa; fragments in A. A.); Pia-ouai-lo, alt. 
600 m., J. Esquirol, no. 2197, Sept. 1910 (cited under F. suberosa in FI. 
Kouy-Tchéou; duplicate in A. A.); Lo-fou, J. Cavalerie, no. 3595, 
March 1909 (holotype of F. Blinii; merotype in A. A.) *Lo-fou, J. Cava- 
lerie, no. 3634, Oct. 1908 (holotype of F. Feddei; photo. in A. A.) ; Hua- 
kiang, J. Cavalerie, no. 2172, June 3, 1904 (syntype of F. Kingiana; 
photo. in A. A.). 

In his Flore du Kouy-Tchéou, Léveillé refers F. Feddei as a synonym 
to F. suberosa, but keeps F. Blinii distinct. Cavalerie’s no. 2172 is 
cited as a syntype of F. Kingiana by Léveillé, but the characters under 
which F, Kingiana appears in the key, exclude it, and therefore the 
other syntype which belongs to F. pyriformis Hook. & Arn. must be 
considered the real type of the species. 
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_ Ficus retusa Linnaeus, Mant. 129 (1767). — Léveillé, Cat. Pl. Yun- 
Nan, 275 (1917). — Handel-Mazzetti, Symb. Sin. 7: 100 (1929). 
Ficus retusiformis Léveillé in Fedde, Rep. Spec. Nov. 8: 549 (1910) ; 
Fl. Kouy-Tchéou, 433 (1915). 

Cuina. Kweichou; Lou-fou, J. Cavalerie, no. 3601, March 
1909 (holotype of F. retusiformis ; merotype in A. A.). 

Ficus retusiformis was first referred to F. retusa as a synonym by 
Handel-Mazzetti (l.c.). 


Ficus lacor Hamilton.— Rehder in Jour. Arnold Arb. 10: 124 
(1929). 

Ficus superba Mig. sensu Handel-Mazzetti, Symb. Sin. 7: 92 (1929), 
quoad syn. F. Tenii; vix Miq. 

Cuina. Yunnan: Kiao-kia, Siméon Ten, no. 733, Jan. 5, 1906, 
“erand arbre” (holotype of F. Tenii in hb. Lévl., isotype in hb. Ducloux 
in hb. Univ. Calif.; photos. in A. A.). 

Ficus Tent een was referred by Handel-Mazzetti (1. ¢.) Pte F, 
superba. Ficus pseudoreligiosa Lévl. has smaller longer-stalked recep- 
tacles and distinctly cuneate leaves. 


Ficus obscura Blume, Bijdr. 474 (1825).— Gagnepain in Lecomte, 

Fl, Gén. Indo-Chine, 5: 792 (1928). 

Ficus asymetrica Léveillé & Vaniot in Mem. Acad. Ci. Art. Barcelona, 

ser. 3, 6: 147 (Ficus Spec. Chin. 9) (1907) ; in Fedde, Rep. Spec. 

Nov. 4:82 (1907).— Léveillé, Fl. Kouy-Tchéou, 429 (1915).— 
Rehder in Jour. Arnold Arb. 10: 128 (1929). — Synon. nov. . 

CuinaA. Kweichou: bord du Hoa-kiang, ZL. Martin in hb. 
Bodinier, no. 2577, Feb. 18, 1899 (holotype of F. asymetrica; merotype 
in A. A.) ; Lo-fou, J. Cavalerie, no. 3596, March 1909 (cited in Fl. Kouy- 
Tchéou [as 3796]; duplicates in A. A.); bord du Ta-ras riviére, J. 
Esquirol, nos. 2692, July 20, 1911, and 3549 (cited in Fl. Kouy-Tchéou; 
duplicates in A. A.). 

Ficus asymetrica agrees well with F. obscura which has been reported 
from Kweichou by Gagnepain (l.c.) apparently based on Cavalerie 3596 
named in the Paris Herbarium F. obscura. It is a species of wide dis- 
tribution extending from the Malayan Archipelago to Tonkin, southern 
China and the eastern Himalayas. 


Ficus longepedata Léveillé & Vaniot.— Rehder in Jour. Arnold 
Arb. 10: 127 (1929). — Handel-Mazzetti, Symb. Sin. 7: 93 (1929). 

Handel-Mazzetti gives (l.c.) a complete description of the species, to 
which he refers F. trichopoda Léveillé and F. sordida Hand.-Mazz. as 
synonyms. 
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Ficus laevis Blume, Bijdr. 437 (1825). 
Ficus Jamini Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 8: 550 
(1910). — Léveillé, Fl. Kouy-Tchéou, 430 (1915). hae ae in 
Jour. Arnold Arb. 10: 129 (1929). — Synon. nov. 


Cuina. Kweichou: Lo-fou, J. Cavalerie, no. 3601, March 
1909 (holotype of F. Jamini; merotype in A. A.). 

The specimen cited represents the typical glabrous form to which be- 
longs also Henry’s no. 11823 from Yunnan. 


Ficus scandens Roxburg, Fl. Ind. 3: 536 (1832). 

Ficus cantoniensis Bodinier ex Léveillé in Mem. Acad. Ci. Art. Bar- 
celona, ser. 3, 6: 148 (Ficus Spec. China, 10) (1907); in Fedde, 
Rep. Spec. Nov. 4: 83 (1907). — Synon. nov. 

Cuina. Hongkong: introduit 4 Hongkong, ot il est main- 
tenant trés commun sur les murs, E. Bodinier, no. 1253, July 7, 1895 
(holotype of F. cantoniensis ; merotype in A. A.). 

Ficus scandens is not recorded in Hemsley, Index Florae Sinensis, nor 
in Dunn & Tutcher, Flora of Kwangtung and Hongkong, but it has been 
collected more recently in southern Yunnan and in Hainan. 


Ficus foveolata Wall.— Rehder in Jour. Arnold Arb. 10: 124 
(1929). — Handel-Mazzetti, Symb. Sin. 7: 95 (1929). 

Handel-Mazzetti (1.c.) cites F. rufipes Lévl. as a synonym and points 
out that of the three syntypes cited only Cavalerie 340 belongs here, 
while Esquirol 75 and 76 represent Rubiaceae; the two last-named syn- 
types I have not yet seen. 


Ficus foveolata var. Thunbergii (Maxim.) King.—Rehder in — 
Jour. Arnold Arb. 10: 125 (1929). 

Ficus stipulata Thunberg, Diss. Ficus, 5, 8 (1786). — Nakai, FI. 
Sylv.: Kor. 19: 124, t. 40 (1932). 

Ficus hederifolia Léveillé. — Rehder, I.c. 129 (1929). 

Ficus Fauriei var. macrocarpa Léveillé in Fedde, Rep. Spec. Nov. 
11:65 (1912). 

Korea. Quelpaert, add: scandens in rupibus, E. Taquet, 
no. 5972, Dec. 1911 “feuilles et fruits doubles du F. Fatriez’”’ (holotype 
of F. Fauriei var. macrocarpa; photo. in A. A.); Hong-no, in declivibus 
altis, repens in rupibus et tapetem formans, E. Taquet, no. 4425, July 
2, 1910 (holotype of F. hederifolia Lévl.; merotype in A. A.). 

Nakai enumerates under F. stipulata (l.c.) as synonyms F, hederi- 
folia Lévl. and F. Fauriei var. macrocarpa Lévl. 


Ficus Martini Léveillé & Vaniot.— Rehder, lc. 127 (1929).— 
Handel-Mazzetti, Symb. Sin. 7: 95 (1929). 
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Ficus botryoides Léveillé & Vaniot in Mem. Acad. Ci. Art. Barcelona, 
ser. 3, 6: 148 (Ficus Sp. Chin. 10) (1907); in Fedde, Rep. Spec. 
Nov. 4:83 (1907).— Léveillé, Fl. Kouy-Tchéou, 429 (1915).— 
Rehder in Jour. Arnold Arb. 10: 128 (1929). 

Ficus lacrymans Léveillé, Fl. Kouy-Tchéou, 431 (1915).— Rehder 
in Jour. Arnold Arb. 10: 130 (1929). 

Ficus kwangtungensis Merrill in Jour. Arnold Arb. 8:3 (1927).— 
Synon. nov. 

Cuina. Kweichou, add: Ta-rin, alt. 900 m., J. Esquirol, no. 
5373, April 12, 1913, “figuier pleureur” (holotype of F. lacrymans ; 
merotype in A. A.); environs de Tsin-gay, rochers au bord de la riviére, 
a Cha-teou-tchay, E. Bodinier, no. 2653, June 27, 1899 (holotype of 
F. botryoides ; merotype in A. A.). 

Handel-Mazzetti l.c. places F. lacrymans with F. Martini, and I now 
think that he is right; leaves of thinner texture with slight reticulation 
occur occasionally on specimens from various localities and the habit 
seems to be extremely variable; on many specimens the branchlets are 
very long and slender and probably hang down from scandent stems, 
while other specimens are described as upright shrubs, as is the type of 
F.. kwangtungensis. Though I have not seen the type of the last-named 
species, I have seen specimens from Kwangtung and Hainan determined 
by its author. 


Ficus tikoua Bureau in Jour. de Bot. 2: 213, pl. 7 (1888). — Lé- 
veillé, Cat. Pl. Yun-Nan, 275 (1917). 
Ficus Bonati Léveillé in Fedde, Rep. Spec. Nov. 6: 112 (1908).— 
Synon. nov. 
Ficus Bonatiana Léveillé, Cat. Pl. Yun-Nan, 274 (1917). 


CuinA. Yunnan: Yunnan-sen, ravins du mont Tchong-chan, 
F. Ducloux, no. 732, Aug. 18, 1905 (holotype of F. Bonatii in herb. 
Bonati in Univ. Calif.; photo. in A. A.; isotype in herb. New York Bot. 
Gard.). 

The specimen cited above differs somewhat from most of the material 
in this herbarium in the uniformly short petioles not exceeding 1 cm. 


Ficus erecta Thunberg. — Rehder in Jour. Arnold Arb. 10: 125 
(1929). — Handel-Mazzetti, Symb. Sin. 7: 100 (1929).— Nakai, FI. 
Sylv. Kor. 19: 121 (1932). 

Nakai cites F. Taquetii as a synonym of F. erecta, and Handel- 
Mazzetti cites as synonyms besides F. pseudopiriformis and F. Taqueti 
also F. Mairei Lévl. which according to fragments from the type speci- 
men belongs to F. heteromorpha Hemsl. (see Rehder, op. cit. 126). 
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Ficus erecta Thunb. var. Sieboldi (Miq.) King in Ann. Bot. Gard. 
Calcutta, 1: 142 (1888). — Nakai, Fl. Sylv. Kor. 19: 123, t. 39 (1932). 
Ficus pseudo-piriformis Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 
5: 282 (1908).— Nakai in Jour. Coll. Sci. Tokyo, 31: 199 (FI. 
Kor.) (1911). 
Ficus erecta Thunb. — Rehder in Jour. Arnold Arb. 10: 125 (1929), 
in part. 

Korea. Quelpaert: Hong-no, secus torrentes, U. Faurie, no. 
1991, July 1907; in petrosis, U. Faurie, 2024, July 1907 (syntypes of 
F. pseudo-piriformis ; fragments of no. 1991 in A. A.; no. 2024 ex Lé- 
veillé) ; secus torrentes, alt. 400 m., Z. Taquet, no. 4422, July 28, 1910 
(in hb. Léveillé sub F. pseudo-piriformis ; merotype in A. A.). 

According to Léveillé’s description Faurie no. 2024 belongs here, but 
an isotype of this number in the A. A. herbarium is typical F. erecta. 
On the other hand, a duplicate of Taquet no. 900, which is cited by 
Léveillé under F. Taqueti, belongs to var. Sieboldi. Ficus Taqueti, 
according to Léveillé’s description, represents typical F. erecta, while 
F. pseudo-piriformis agrees with var. Sieboldi. Nakai (l.c. 1932) cites 
F. pseudo-piriformis under F. erecta var. Sieboldi, 


Ficus hirta Vahl. — Rehder, l.c. 126 (1929). — Handel-Mazzetti, 
Symb. Sin. 7: 99, 100 (1929). 

Handel-Mazzetti (l.c. 100) identifies F. Porteri Lévl. & Vant. with 
F, hirta Vahl. 


Ficus pandurata Hance in Ann. Sci. Nat. ser. 4, 18: 229 (1862). 
Ficus cuneata Léveillé & Vaniot in Mem. Acad. Ci. Art. Barcelona, 
ser. 3, 6: 149 (Ficus Sp. Chin. 11) (1907); in Fedde, Rep. Spec. 
Nov. 4:84 (1907). —Léveillé, Fl. Kouy-Tchéou, 429 (1915).— 
Rehder in Jour. Arnold Arb. 10: 128 (1929).— Pro parte, quoad 

specim. Bodinier 2363. — Non Blume, nec Wallich, nec Miquel. 

Cutina. Kweichou: environs de Kouy-yang, mont du Col- 
lege, gorge de Yan-pa, rocailles (May 16, 1898), environs de Tou-chan 
(May 31), E. Bodinier, no. 2363, Ponte’: aynbype of F. cuneata; 
photo. in A. A.). 

On the label of Bodinier’s no. 2363, two localities are given, but there 
is only one specimen on the sheet; she name F, cuneata does not appear 
on the label. 

Here belongs probably also F. comata Hand.-Mazz. as suggested by 
F. P. Metcalf in a note on one of the sheets of that species. 


Ficus heteromorpha Hemsley. — Rehder in Jour. Arnold Arb, 10: 
126 (1929). — Handel-Mazzetti, Symb. Sin. 7: 98, 100 (1929). 
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Ficus cuneata Léveillé & Vaniot in Mem. Acad. Ci. Art. Barcelona, 
ser. 3, 6: 149 (Ficus Sp. Chin. 11) (1907); in Fedde, Rep. Spec. 
Nov. 4:84 (1907). — Léveillé, Fl. Kouy-Tchéou, 429 (1915).— 
Rehder in Jour. Arnold Arb. 10: 128 (1929).— Pro parte, quoad 
specim. Cavalerie 1351. — Non Blume, nec Wallich, nec Miquel. — 
Synon. nov. 


Cuina. Kweichou, add: Pin-fa, J. Cavalerie, no. 1351, Sept. 
8, 1903, (syntype of F. cuneata; photo. in A. A.). 

The other syntype of F. cuneata differing in the stalked receptacles 
seems referable to F. pandurata Hee. 

Handel-Mazzetti (l.c. 100) refers F. pinfaensis to his F. comata, but 
the type of F. pinfaensis, Cavalerie 532, differs from F. comata in the 
sessile fruits, longer petioles and in the venation of the generally oblong 
and quite glabrous leaves rounded at base. To F. heteromorpha Handel- 
Mazzetti refers F. Stapf Lévl., but Léveillé’s species, though apparently 
related to F. heteromorpha, differs in its leaves being rather densely 
hirsute on both sides and scarcely acuminate. 


_ Ficus formosana Maximowicz. — Rehder in Jour. Arnold Arb. 10: 
127 (1929). — Handel-Mazzetti, Symb. Sin. 7: 98, 100 (1929). 


Ficus rhomboidalis Léveillé, Fl. Kouy-Tchéou 433 (1915), p.p., quoad 
specim. Esquirol 3267. — Non Léveillé & Vaniot (1907). 


Cuina. Kweichou: Teng-Tchéou, jardin du P. Marchand, - 
Esquirol, no. 3267, June 22, 1902 (cited in Fl. Kouy-Tchéou; duplicate 
in A. A.). : 

The type of F. rhomboidalis belongs to F. gibbosa var. cuspidifera 
(Miq.) King. 

Ficus lageniformis Lévl. & Vant. was referred by Handel-Mazzetti 
(1.c. 100) to F. formosana, as already identified by the writer (1.c.) 


Ficus laceratifolia Léveillé & Vaniot.— Rehder in Jour. Arnold 
Arb. 10: 130 (1929). 

This species has been referred tentatively by Handel-Mazzetti (Symb. 
Sin. 7: 100) to his F. comata as a form with lacerated leaves, but looks 
quite distinct. It is represented in this herbarium by a photograph of 
the type with fragments and by two specimens collected by W. P. Fang 
in Szechuan, no. 2415, from Mt. Omei and no. 5645 from Nanchuan 
Hsien. 


Ficus Cavaleriei Léveillé & Vaniot. — Rehder in Jour. Arnold Arb. 
10: 128 (1929). 

This species seems related to F. pyriformis Hook. & Arn., but it is 
quite glabrous and the veins of the leaves diverge at nearly right angles; 
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it also resembles F. stenophylla Hemsley, but the leaves are broader and 
gradually narrowed from the middle to the ends. 


Ficus pyriformis Hooker & Arnott, Bot. Beechey Voy. 216 
(1841). — Léveillé, Cat. Pl. Yun-Nan, 275 (1917), “piriformis.” — 
Handel-Mazzetti, Symb. Sin. 7: 98, 100 (1929). 

Ficus Nerium Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 4:66 
(1907). — Léveillé, Fl. Kouy-Tchéou, 432 (1915).—Rehder in 
Jour. Arnold Arb. 10: 130 (1929). 

Ficus Kingiana Léveillé, Fl. Kouy-Tchéou, 431 (1915), pro parte; 
non Hemsley. — Synon. nov. 

CuinA. Kweichou: without locality, J. Esquirol (holotype 
of F. Nerium; fragments in A. A.); Tchen-fong, J. Esquirol, no. 914 
(cited in Fl. Kouy-Tchéou; duplicate in A. A.); Ly-po, J. Cavalerie, 
Feb. 15, 1900 (syntype of F. Kingiana; merotype in A. A.). 

Ficus Nerium was first referred to F. pyriformis by Handel-Mazzetti 
(l.c. 100). Ficus Kingiana appears in Fl. Kouy-Tchéou without de- 
scription, but as its characters can be partly ascertained from the key, 
it is not a nomen. nudum; of the two syntypes, only the specimen from 
Ly-po belongs here and must be considered the type (lectotype) since 
it fits the characters given in the key, while the other specimen does not. 


Ficus pyriformis Hook. & Arn. var. ischnopoda King in Ann. Bot. 
Gard. Calcutta, 1: 158, pl. 201c (1888). 

Ficus macropodocarpa Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 
4:66 (1907). — Léveillé, Fl. Kouy-Tchéou, 431 (1915).— Rehder 
in Jour. Arnold Arb. 10: 130 (1929). — Synon. nov. ; 

CuinA. Kweichou: without locality, J. Esquirol, no. 838 
(holotype of F. macropodocarpa; merotype in A. A.); riviére de Lou- 
fou, J. Esquirol, no. 2216, Sept. 1910 (cited in Fl. Kouy-Tchéou; dupli- 
cate in A. A.). 

Ficus macropodocarpa was first referred by Handel-Mazzetti to F. 
pyriformis (1.c. 100); on account of the long-peduncled receptacles, it 
seems referable to var. ischnopoda. 


Ficus Esquirolii Léveillé & Vaniot in Mem. Acad. Ci. Art. Barce- 
lona, ser. 3,6: 150 (Ficus Spec. Chin. 12) (1907); in Fedde, Rep. Spec. 
Nov. 4: 84 (1907). — Léveillé, Fl. Kouy-Tchéou, 430 (1915). 

Ficus stenophylla Hemsley in Hooker’s Icon. 26: t. 2536 (1897), p.p., 
excl. parte typ. — Handel-Mazzetti, Symb. Sin. 7:98 (1929). 


CuinaA. Kweichou: préfecture de Hin-y-fou, J. Esquirol in 
hb. Bodinier, no. 2588, April 1899 (holotype of F. Esquirolii; photo. in 
Be As). 


80 JOURNAL OF THE ARNOLD ARBORETUM [VOL. XVII 


This species seems to be closely related to F. pyriformis Hook. & Arn. 
and to F. stenophylla Hemsl.; from the former it differs in the narrower 
long-caudate leaves, subsessile subglobose receptacle covered with short 
appressed hairs, and from the latter by the thinner caudate leaves 
slightly hairy below and the subsessile subglobose and hairy receptacle. 

Hemsley based his species mainly on Henry’s no. 8716 from Hainan 
which has to be considered the type of his species and is the plant figured 
on the plate except figure 7 representing a single receptacle which is 
from Faber’s no. 446 and apparently belongs to F. Esquirolii. The de- 
scription also applies mainly to the Hainan plant if under “Reptacula” 
the words “‘subsessilia vel . . . vel sphaeroidea . . . vel leviter puberula” 
are taken out. 

Typical F. stenophylia is represented in this herbarium by plants 
from Hainan (W. T. Tsang no. 378, McClure, no. 9584), Kwangtung 
(C. L. Tso, no. 21048, Levine & Kwok, no. 875), Fukien (L. Y. Tai, 
no. 11673), Chekiang (R. C. Ching, no. 1692) and from Kweichou 
(Steward, Chiao & Cheo, no. 877); the last named specimen seems to 
approach F, Esquirolii in the shorter stalk of the receptacle. Ficus 
Esquirolii is represented besides by the photograph of the type also by 
Handel-Mazzetti, no. 10695, Y. Tsiang, no. 6053 and Steward, Chiao 
& Cheo, no. 147, all from Kweichou. 

Under Ficus Esquiroliana Léveillé (in Bull. Geog. Bot. 24: 252) 
says of F, Esquirolii “extra genus probata est” but he still enumerates 
it the following year in his Flore du Kouy-Tchéou as F. Esquirolit, while 
he changes F. Esquiroliana to F. laus-Esquirolit. 


Ficus silhetensis Miquel in Ann. Mus. Bot. Lugd.-Bat. 3: 223, 291 
(1867). — Léveillé, Cat. Pl. Yun-Nan, 275 (1917). 

Ficus Cyanus Léveillé & Vaniot.— Rehder in Jour. Arnold Arb. 
10: 129 (1929) — Synon. nov. 

Ficus Cyanus var. viridescens Léveillé & Vaniot in Mem. Acad. Ci. 
Art. Barcelona, ser. 3, 6: 149 (Ficus Spec. Chin. 11) (1907); in 
Fedde, Rep. Spec. Nov. 4: 84 (1907). 

Ficus congesta Léveillé & Vaniot in Léveillé, Fl. Kouy-Tchéou, 429 
(1915).—Rehder in Jour. Arnold Arb. 10:128 (1929).— 
Synon. nov. 

Cuina. Kweichou:  Si-liéou-gay, trous profonds, J. Cava- 
lerie, no. 169, July 3, 1902 (holotype of F. Cyanus; merotype in A. A.) ; 
arrivée 4 Tong-kai (ruisseau), J. Esquirol, no, 3031, July 25, 1911 (cited 
in Fl. Kouy-Tchéou under F. Cyanus; photo. and duplicate in A. A.); 
Pin-fa, J. Cavalerie, no. 1099, June 23, 1903 (holotype of F. Cyanus var. 
viridescens ; photo. in A. A.); Tché-chou, bois, J. Esquirol, no. 2506, 
Sept. 1909 (holotype of F. congesta; merotype in A. A.). 

Ficus Cyanus differs slightly from F. silhetensis as figured and de- 
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scribed by King (in Ann. Bot. Gard. Calcutta, 1: 154, pl. 194, 1888) 
in the shorter petioles and cuneate base of the leaf, but otherwise agrees. 
The variety viridescens does not seem to differ from typical F. Cyanus, 
and in Flore du Kouy-Tchéou, Léveillé enumerates it under the species. 
Ficus congesta resembles closely Cavalerie’s no. 1099 (F. Cyanus var. 
viridescens) except that the leaves are somewhat smaller. 

The species has also been collected in Kweichou by Y. Tsiang, no. 
4404, determined as F’. silhetensis Miq. by E. D. Merrill. 


Ficus Stapfii Léveillé.— Rehder in Jour. Arnold Arb. 10: 131 
(1929). 

Ficus Stapfii is represented only by a sterile specimen (photo. and 
fragments in A. A.). It was referred by Handel-Mazzetti (Symb. Sin. 
7: 100) tentatively to F. heteromorpha Hemsl., but differs in its rather 
dense pubescence; in this respect it resembles F. silhetensis Miq., but 
the leaves are oblong and obtusish to acutish, not acuminate at the apex. 


Ficus Abelii Miquel in Ann. Mus. Bot. Lugd.-Bat. 3: 281 (1867). 
Ficus Schinzit Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 8: 550 
(1910). — Léveillé, Fl. Kouy-Tchéou, 433 (1915).—Rehder in 
Jour. Arnold Arb. 10: 131 (1929).— Non F. Schinziana Warb. — 
Synon. nov. 

Cuina. Kweichou: Lo-fu, J. Cavalerie, no. 3592, Apr. 1909 
(holotype of F. Schinzii; merotype in A. A.); Tsao-ly, bord de riviére, 
alt. 600 m., J. Esquirol, no. 3503, Feb. 5,.1912 (cited in Fl. Kouy- 
Tchéou; duplicate in A. A.). 

By Handel-Mazzetti (l.c. 100) F. Schinzii was referred to F. pyri- 
formis and its allies. It certainly belongs to F. Abelii which has not yet 
been recorded from Kweichou, though it has been collected in Szechuan 
and Hunan, 


Ficus Roxburghii Wallich. Num. List. 4508 (1832). — Handel- 
Mazzetti, Symb. Sin. 7: 100 (1929). 

Ficus macrocarpa Léveillé & Vaniot in Mem. Acad. Ci. Art. Barcelona, 
ser. 3, 6: 152 (Ficus Spec. Chin. 14) (1907) ; in Fedde, Rep. Spec. 
Nov. 4: 85 (1907). — Léveillé, Fl. Kouy-Tchéou, 431 (1915), sub 
F. macrocarpa Wight.—Rehder in Jour. Arnold Arb. 10: 130 
(1929).— Non Wight. 

Cutna. Kweichou: without precise locality, J. Cavalerie in 
1899 (holotype of F. macrocarpa; ex Léveillé); ouest de Lo-fou, J. 
Cavalerie, no. 3593, March 1909, “‘bel arbre” (cited in Fl. Kouy-Tchéou; 
photo. in A. A.). 

Handel-Mazzetti refers to F. Roxburghii besides F. macrocarpa also 
F. Letaqui Lévl. & Vant. which see below. 
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Ficus Roxburghii Wall. must be considered a valid publication of a 
new name, since he cites as a synonym “F. macrophylla Hb. Roxb. 
(haud Desf.)” a species described in Roxburgh, FI. Ind. 3: 556 (1832). 


Ficus Letaqui Léveillé & Vaniot in Fedde, Rep. Spec. Nov. 8: 550 
(1910). — Léveillé, Fl. Kouy-Tchéou, 531 (1915).— Rehder in Jour. 
Arnold Arb. 10: 130 (1929). 

This species was referred by Handel-Mazzetti (Symb. Sin. 7: 100) 
to F. Roxburghii, but it differs markedly from F. Roxburghii in the much 
smaller subglobose and subsessile receptacles, borne mostly in pairs on 
the nodes of long and slender leafless shoots; the leaves are similar in 
shape, but scabrid above and borne on longer and slenderer petioles. 


Ficus Vanioti Léveillé, Fl. Kouy-Tchéou, 434 (1915), pro parte. 


Cu1nA. Kweichou: bois sacré au Che-chen de Na-é, J. 
Esquirol, nos. 3077 and 3078, end of June and July 1 (syntype of F. 
Vanioti; photo. in A. A.). 

The name F. Vanioti was published in Flore du Kouy-Tchéou with 
F. ouangliensis as a synonym and was intended apparently as a new 
name for that species which is based on Cavalerie no. 2568, and is not a 
Ficus, but an Aglaia. The two specimens cited above, however, repre- 
sent a species of Ficus, but the material is so fragmentary, consisting 
only of bare branches, broken leaves and a few broken receptacles, that 
exact identification is not possible; the material seems to belong in the 
affinity of F. formosana Maxim. 


LORANTHACEAE 


Tolypanthus Maclurei (Merr.) Danser in Bull. Jard. Bot. Buiten- 
zorg, ser. 3, 10: 355 (1929). 

Loranthus Maclurei Merrill in Philipp. Jour. Sci. 21: 494 (1922). 
Loranthus Esquirolii Léveillé, Rev. Ann. Chine, 1916: 21 (MS).— 
Nomen non rite publicatum. 

Cuina. Kweichou: Pin-fa, Heou-tcheng, J. Esquirol, no. 52, 
“liane parasite sur le bibassier”’ (type of Loranthus Esquirolii; photo. 
in A. A.). 

Léveillé’s name Loranthus Esquiroli appeared in a manuscript publi- 
cation, of which only a few copies were distributed and cannot be con- 
sidered validly published; Merrill’s specific epithet therefore, remains 
valid. The name Loranthus Esquirolii does not appear on the original 
label of the type specimen which was identified by Danser as Tolypan- 
thus Maclurei. 

(To be continued) 
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CHROMOSOME NUMBERS AND PHYLOGENY IN THE 
GYMNOSPERMS 


WALTER S. FLory 
With two text figures 


CRITICAL sTUDIES of chromosome morphology in most groups of living 
gymnosperms have been published during the past few years. Geitler 
(1929) and Florin (1932) have described the chromosomes of Wel- 
witschia and Ephedra of the order Gnetales. Sax and Beal (1934) inves- 
tigated the chromosome situation in all nine genera of the Cycadales. 
The most comprehensive chromosome survey in the gymnosperms is that 
of the Coniferales by Sax and Sax (1933). Fifty-three species from six- 
teen genera of the subfamilies Cupressineae, Taxodineae, Abietineae, 
and Taxineae were studied. The sole surviving member of the Gink- 
goales was included in the last mentioned analysis and has been the object 
of cytological studies by other workers as well. This leaves only the sub- 
families Araucarineae and Podocarpineae and the genus Gnetum with 
representatives unanalyzed in recent cytological papers. With regard to 
two of these groups Sax and Beal (1934) write, “ . . . recent studies 
indicate that Podocarpus has 20 pairs of chromosomes”; and, also 
“ | | . Gnetum has a large number of relatively small chromosomes.” 
In earlier accounts Burlingame, Ishikawa and Schurhoff (from Sax and 
Sax, 1933, p. 368) have found 12 chromosomes in several species of 
Podocarpus. 

Only two genera are included in the subfamily Araucarineae. They 
are Araucaria and Agathis. An early morphological study (Lopriore, 
from Coulter and Chamberlain) on one species of Araucaria indicated 
the presence of 12 pairs of chromosomes here. No references have been 
found to critical chromosome work on either genus of this subfamily. 
Questions concerning the phylogenetic sequence of conifer subfamilies 
involve the Araucarineae at important points. One question concerns 
the comparative antiquity of the Araucarineae and Abietineae; another 
the relationship between the Araucarineae and the Podocarpineae. This 
investigation was made to see if a knowledge of chromosome number and 
morphology in the Araucarineae would aid in solving problems of the 
nature mentioned. To further that end, the chromosomes of several 
species of Podocarpus have been examined, and the results obtained will 
be briefly discussed. 
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Material for this work has been secured from several sources. The 
greenhouses of the Bussey Institution, the Arnold Arboretum, and the 
Biological Institute of Harvard University, have been sources of some 
species of Agathis and Araucaria. Root tips of two species of Podocarpus 
and of two species of Araucaria were obtained at Wellesley College. 
Other material of Araucaria and Podocarpus was collected at the Brook- 
lyn Botanic Garden and at the New York Botanical Garden. We realize 
that the species names of such specimens may not be correct, but it was 
not possible to verify the classification of these immature plants. 

Absolutely accurate chromosome counts of conifer species are difficult 
to secure in root tip cells, — endosperm material being much preferred 
for preparations of somatic chromosomes. However, root tips were the 
only material available for the present study. The chromosomes of all 
species examined were studied in aceto-carmine smears of root tip cells. 
Some recent advances in technique allow somewhat more critical prepa- 
rations to be made than were formerly possible. A modification of 
Warmke’s (1935) method of making temporary root tip smears was 
used. Root tips were fixed in aceto-alcohol overnight; treated with a 
hydrochloric acid and 95% alcohol mixture; hardened in aceto-alcohol; 
then sliced and macerated. After the preparations had been allowed to 
stand for from 5 to 15 minutes, they were heated almost to boiling; then 
considerable pressure was exerted upon the cover glass, and this was fol- 
lowed by a second heating, after which the mounts were sealed. By this 
method metaphase plates were secured, in several species, in which the 
chromosomes were well scattered, enabling them to be readily counted. 

Rehder’s (1927) classification has been followed with regard to divi- 
sion of the Coniferales, and elsewhere when possible. This has been sup- 
plemented by use of Pilger’s (1926) classification for the forms not gen- 
erally grown in the temperate United States. 


DESCRIPTION 


Agathis robusta, Araucaria brasiliana, and A. Cunninghamii each con- 
tains 13 pairs of chromosomes. Material from a plant of Agathis bearing 
a doubtful specific name also showed 26 somatic chromosomes. Numer- 
ous plates from Araucaria Bidwilli were also studied. The chromosome 
picture appeared to be identical with that found in the other two species 
of Araucaria studied. Counts of a number of metaphase figures seen in 
side view indicated the presence of 26 somatic chromosomes in this spe- 
cies. The chromosomes of species belonging to the same genus were very 
similar. The chromosomes of Agathis robusta (Fig. 1) and of Araucaria 
brasiliana (Fig. 2) were studied in more detail than those of the other 
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species. In each of these species there were 9 pairs of chromosomes in 
which the arms were about equal in length, or in which the longest arm 
was, at most, not twice the length of the shortest. In addition to these 
chromosomes with median or submedian attachments, both species 
apparently have 4 pairs with nearly terminal attachment points. The 
chromosomes of Agathis and Araucaria are similar not only in morphol- 
ogy but also in size. Chromosomes of Agathis, in aceto-carmine, vary 
in length from 13 p to 22 u; those of Avaucaria from 12.5 to 20u. In 
Araucaria the elements appear to be slightly greater in diameter than in 
Agathis, but the difference is too small to be significant. 


iN 
~—— 


TEXT FIGURE 1 
Drawings of chromosomes of root tip cells. 900. Fig. 1. Agathis 
robusta, 26 chromosomes. Fig. 2. Araucaria brasiliana, 26 chromosomes. 
Fig. 3. Podocarpus falcatus, 24 chromosomes. Fig. 4. Podocarpus macro- 
phyllus, 38 chromosomes. Fig. 5. Podocarpus neriifolius, 36 chromosomes. 


The chromosomes of five forms of Podocarpus were examined. These 
were P. macrophyllus, P. falcatus, P. neriifolius, P. chinensis, and P. 
andinus. Pilger indicates that P. chinensis is merely a form of P. macro- 
phyllus, which is cultivated in botanic gardens, and is not a separate 
species. The first four forms listed belong in the generic section Eupodo- 
carpus. Podocarpus andinus is placed in Pilger’s section Stachycarpus. 

In these five forms there are two different types of genoms. The first 
type of genom was found in a species growing in the greenhouse at Wel- 
lesley College and tentatively identified by Dr. Alice Ottley as P. fal- 
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catus R. Br. Several plates quite clearly showed 24 chromosomes in root 
tip cells of this plant (Fig. 3). These plates, quite apparently, were 
almost complete. Each, however, had its elements quite scattered, owing 
to pressure; and it is possible that a few chromosomes were lost. Of the 
24 chromosomes observed, 2 pairs were approximately isobrachial; the 
other 10 pairs were distinctly heterobrachial. Chromosome measure- 
ments were, for the longest, 15 u; for the shortest, 5.5 w; and the average 
length was approximately 11 wy. In morphology the complement is 
similar to that found in many conifers. However, the chromosomes are 
smaller than those found in most species. 

In P. macrophyllus many plates were found which showed all but a 
few chromosomes distinct and unentangled (Fig. 4), but no complete 
plate was beyond question at some point. The number is about 
38, many plates seeming to have this count. In several cases there was 
a suggestion of 39 chromosomes. No plate seemed to have 40 but per- 
haps, for safety, the number should be placed as between 38 and 40. 
The best figures, those appearing to contain 38 elements, were analyzed. 
Ten pairs are heterobrachial, 3 of these approaching the isobrachial con- 
dition. Nine pairs appear to have attachment points that are terminal, 
or very nearly so. Chromosome measurements give, for the longest pair, 
12.5 uw; for the shortest, 3.5 4; and the average length was about 7.5 p. 

The P. neriifolius complement has much the same appearance as that 
of the species just described. Approximately 38 chromosomes are pres- 
ent. However, the majority of these appear terminal or nearly so, the 
only apparent exceptions being one short isobrachial pair, and the longest 
pair, which have submedian attachment constrictions. The longest 
chromosomes are 12.5 p, the shortest 3 u. Figure 5 shows 36 well-spaced 
chromosomes in a plate from which a few have been lost. 

Podocarpus chinensis and P. andinus (belonging to a different section 
from the other podocarps mentioned here) were seen to have the same 
general type of complement as P. macrophyllus, having nearly 40 chro- 
mosomes, many with terminal or near terminal attachment points. 


CHROMOSOME NUMBERS AND PHYLOGENY 


Numerous morphological studies have been made on gymnosperms. 
These, with discussions of suggested evolutionary tendencies, are best 
summarized by Chamberlain (1935 a and b). A diagram (Text fig. 2) 
representing the phylogeny of gymnosperm orders and families, as rep- 
resented by the best available evidence, has been made. In this diagram 
ideas and material from. a number of sources (chiefly: Chamberlain, 
1935b, diagram p. 184; Jeffrey, 1917, especially pp. 355-6; Sax and Sax, 
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1. c.; Sax and Beal, 1. c.; Florin, 1. c.; Matsuura and Suto, 1935; and the 
present work) are incorporated in one figure. Since representatives of 
all major gymnosperm groups have now been subjects of critical cyto- 
logical examination, it seemed appropriate that some effort be made to 
see how the cytological facts fit in with those of grosser morphology. 

A description of Text figure 2 follows. Beneath each major division 
are placed its genera from which representatives have been cytologically 
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TEXT FIGURE 2 
Phylogenetic relationships of the living gymnosperms. based on morpho- 
logical characters, and the basic chromosome numbers of the genera in 
the various families. 


analyzed. The chromosome count is given in basic haploid numbers. 
Extinct orders are indicated by four small perpendicular lines, placed on 
the main evolutionary lines at about the geological level at which ex- 
tinction occurred. The most doubtful points in the suggested relation- 
ships are shown by dotted lines or by question marks. 

There are apparently three basic groups of chromosome numbers in 
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the living gymnosperms. The basic numbers are predominantly 8 or 9 
for the Cycadales, 7 for the Gnetales, and 12 for the Ginkgoales and 
Coniferales. The deviations from these basic numbers in these groups 
can be attributed to elimination of one or several chromosomes following 
segmental interchange or polyploidy, and an increase in chromosome 
number resulting from fragmentation or chromosome duplication. 
Polyploidy is rare in the gymnosperms. The chromosomes of species of 
gymnosperms are much more uniform in number, size, and general 
morphology than those in the species of angiosperms. 

The count of 38 somatic chromosomes in certain species of Podocarpus 
at first suggested a basic number of 19. This is the basic number in 
certain primitive angiosperms, and Anderson (1934) has suggested an 
allopolyploid origin of such angiosperms from primitive gymnosperms 
with basic chromosome numbers of 7 and 12. The presence of about 12 
pairs of chromosomes in one species of Podocarpus suggests, however, 
that the forms with about 38 somatic chromosomes may be triploids with 
13 chromosomes as the basic number, or that chromosome fragmenta- 
tion at the fiber attachment point has effected the change in these 
genoms. 

The cytological analysis of the Coniferales seems to show some corre- 
lation with the morphological evidence regarding family relationships. 
The Cupressineae and Taxodineae have the same basic chromosome 
numbers. The basic chromosome number is 13 in the Araucarineae and 
is 12 or 13 for the Podocarpineae. The presence of 12 chromosomes in 
most genera of the Abietineae supports the theory that this may be the 
main line from which the other families have been derived. The basic 
number of 12 chromosomes in the Ginkgoales also supports the sugges- 
tion that 12 is the basic number from which both families, Taxaceae and 
Pinaceae, originated. 


SUMMARY 


The basic chromosome number is 13 for Agathis and Araucaria, and 
the genoms are similar in morphology. Chromosome numbers were 
obtained in five species of Podocarpus. In one species about 24 somatic 
chromosomes were counted, but in the other species there were about 
38 chromosomes in the root tip cells. The basic chromosome number is 
12 or 13, and the four species with about 38 chromosomes presumably 
are the result of polyploidy or chromosome fragmentation. 

A survey of chromosome numbers in the gymnosperms indicates three 
basic numbers, — 8 or 9 for the Cycadales, 7 for the Gnetales, and 12 
for the Ginkgoales and Coniferales. There is some correlation between 
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chromosome numbers and morphological relationships of the various 
taxonomic units. 

This work was done at the Bussey Institution of Harvard University 
while the author was a National Research Council Fellow. 
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APOSPORIC PARTHENOGENESIS IN A TRIPLOID 
APPLE, MALUS HUPEHENSIS 


Haic DERMEN 
With plates 179-181 


A NUMBER of years ago Dr. Karl Sax, in his attempt to make inter- 
generic crosses in Pomoideae, found that whenever Malus hupehensis 
was used as the female parent, seeds were always formed. Preliminary 
experiments were made to discover the basis of this peculiarity (Sax, 
1931) and it was found that this species behaved as a typical partheno- 
genetic plant. I was designated to investigate the problem and the 
present report is a cytological analysis of this phenomenon. 

Malus hupehensis (Pamp.) Rehd. (M. theifera Rehd.) (Rehder, 
1933) is known to be a pure species, distributed widely in mountain 
regions of China extending south into Assam. It was introduced into 
this country in 1900. All plants of this species growing in the Arnold 
Arboretum, some of which have been propagated from seeds here and 
some brought in from outside sources, fruit heavily; the fruits con- 
taining the usual number of seeds. All the seeds appear to be deformed 
in outline in comparison with those of other species. 


MATERIAL AND METHODS 


In order to have a sounder basis for our conclusions concerning par- 
thenogenetic behavior in M. hupehensis it was thought advisable to make 
parallel observations on another species, the embryonic development of 
which was normal. Malus arnoldiana (Rehd.) Sarg. (M. baccata < 
floribunda), a hybrid, chosen as a control plant, produces an abundance 
of fruit, and normal seeds in contrast to M. hupehensis. 

In the summer of 1931 a preliminary examination was made of the 
chromosome number from root-tips of a M. kupehensis seedling and it 
was found to be a triploid form. The analysis of the ovules was made 
beginning the first week of May and continuing through the summer 
during the years 1932, 1933 and 1934. The study of this problem dur- 
ing the first. two years was exploratory in character and it was in 1934 
that a more complete analysis of the ovules of both M. arnoldiana and 
M. hupehensis was made. 

Specimens at different stages of ovular development were fixed sepa- 
rately. The fixing of material was begun during the first week of May 
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when the buds began to turn pink and the development of the female 
meiotic phase was initiated. This phase is completed just before shed- 
ding of petals when the egg apparatus in the embryo sac (ES) is formed 
and fertilization has taken place (normally). From the pink stage to 
the time of shedding of petals six separate collections were made. Two 
collections were made between shedding of petals and remaining parts 
of perianth. After that the collections were continued at 5 to 7 day 
intervals in order to follow up the sequence of embryo development. 

In fixing material for early stages, the fleshy part of the ovary is 
trimmed off with a sharp knife in order that the fixative may penetrate 
the ovules quickly. For later stages young seeds are removed from the 
fruit and are fixed directly. For quick penetration of fixative in older 
seeds the seed coat may be slightly slashed. For more mature seeds the 
whole testa may be removed. 

The first year Flemming’s solution was used as fixative but was found 
unsuitable for this material. Navashin’s solution was found preferable 
for the meiotic and earlier stages of embryo sac formation. However, 
being doubtful of the effect of the latter fixative on later stages, Lewitz- 
ky’s solution (5% formalin and 0.5% chromic acid) was used for those, 
since I had found earlier (Dermen, 1933) that it facilitates at least the 
staining of nucleoli with either crystal violet-iodine or haematoxylin. 
In this way I hoped to have at least the nucleoli to go by as landmarks, 
so to speak, in determining the nuclear number and other features in the 
development of embryo sacs. The results eventually showed this assump- 
tion to be justified. To prevent severe distortion of embryo sacs in 
changing fixed material into alcohol for paraffin sectioning, the material 
was allowed to remain in the fixative for twelve hours or more, washed 
in water and run up in alcohol gradually beginning with 5%. The results 
later showed that there was some shrinkage of the embryo sac and.endo- 
sperm layer away from the nucellar tissue, though not enough to make 
observations confused. 

Paraffin sections of early stages to the beginning of ES formation were 
cut 20 u thick and from ES formation on up 35-40 u, thick enough to 
obtain whole embryo sacs and young embryos, in order that confusion 
might be avoided in studying the origin and sequence of development. 

Meiotic stages were stained with crystal violet-iodine, and ES and later 
stages with haematoxylin. Root-tips were fixed in Lewitzky’s solution 
and stained with crystal violet-iodine; while for meiosis in the anther 
aceto-carmine technique was used. 

- Due to technical difficulties in illustrating various phases, it was 
necessary to use different scales. The scale used is indicated under each 
drawing. 
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DESCRIPTION 


The features illustrated which were considered important in the 
analysis of parthenogenetic behavior in M. hupehensis are presented in 
38 figures in three plates. The drawings are made in diagrammatic 
form to bring out the points pertinent to this study and to give the most 
essential details of origin and development of both embryo sac and 
embryo. The comparative illustrations of the control plant, M. arnold- 
iana, and M. hupehensis run from Figs. 18 and 19 to Figs. 34 and 35 in- 
clusive. Other figures are from M. hupehensis alone. 

The somatic chromosome number in M. hupehensis, studied from 
root-tips, was 3n = 51 (Fig. 1), a triploid number, the diploid being 
2n = 34. The next figure (Fig. 2) represents the chromosome set from 
a tetraploid seedling of M. hupehensis with 4n = 68, the discussion of 
which will be found elsewhere in this paper. The size of these chromo- 
somes is about one micron in length. 

The meiotic development in anthers took place about 10 days earlier 
than the corresponding phase in the ovules. In the anthers the homolo- 
gous chromosomes form trivalents and bivalents and a few remain uni- 
valents (Sax 1932). Figure 3 is II M from anthers with 25+ chromo- 
somes at each plate. No mature pollen grains are found in the anthers. 
Some cells begin to degenerate at I M and others at later stages, and 
most degenerate after they have reached the tetrad stage when the 
individual microspores fail to break apart although they are fully differ- 
entiated and each has its own wall. 

A similar process of degeneration was found in the ovules. Here the 
chromosomes either remain univalents at IM or pair variously and 
divide at random. Figure 4 (a and b) represents I M in an egg mother 
cell (EMC). The chromosomes here are in univalent form. In the two 
sections, a and b, the total is exacly 51. It cannot be stated with cer- 
tainty when, if ever, in univalent form there was any division in the 
EMC. However, in a few instances observed where the chromosomes 
were unpaired the cell was in a stage of degeneration. Such a cell is 
shown in Fig. 11. An anaphase stage is given in Fig. 5 (a and b). The 
b group of chromosomes from the lower pole was in a following serial 
section. Here also the total number of chromosomes could be accurately 
counted. 

Altogether in M. hupehensis over two hundred ovules in the early 
stages of meiosis were examined and only rarely were there found ovules 
lacking a meiotic cell, either in prophase, in division stages, or in a de- 
generative process. There were found some older ovules which lacked 
embryo sacs. One young ovule was found with two egg mother cells. 
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There were observed many ovules divided into two nucellar regions, a 
twin ovule, each with a simple or a compound ES, enclosed together 
within a common integument. 

An EMC is shown in Fig. 6 at pachytene stage. Usually around a 
meiotic cell there are one or more somatic cells each with a nucleolus as 
large or larger than that in the meiotic nucleus, which, as will be pointed 
out later, may develop into embryo sacs. Very rarely there were found 
ovules with two egg mother cells. Such a case is shown in Fig. 7. 
Around these meiotic cells are found a number of large nucleolated 
somatic cells. Figure 9 is a small scale drawing of the same cell to 
indicate the distance of a meiotic cell from the upper end of the nucellus. 
Here the EMC is 6 cell layers deep, while in other ovules the number of 
layers may vary. In Lilium regale (original observation) this layer was 
always one layer deep from an early stage to the time of fertilization 
(later stages were not observed). Figure 10 illustrates a typical young 
ovule with two layers of integumental tissue as it appears in longitudinal 
section. The cell in it is the same as in Figs. 8and 9. The tissue around 
this cell is the nucellus. This figure shows the approximate location of 
the EMC in the ovule taken as a whole. 

As was mentioned above the EMC may either degenerate at I M or 
later as in the anther. A degenerating cell at I M is shown in Fig. 11. 
Here the cell was found compressed from the sides and the chromosome 
stain was blurry showing these bodies more or less clumped together. 
As a whole its degenerated feature could be easily distinguished when 
compared with other cells at the same stage. As well as could be made 
out the chromosomes in this cell were not paired, which fact, I believe, 
may be correlated with degeneration of the cells at this stage. 

Figures 12 and 13 show a parallelism in division with EMC and in 
development of one of the resulting cells into, supposedly, an ES. Nor- 
mally an EMC should divide twice and from this division four cells 
should result. One of these, which is the furthest from the micropyle 
should be the megaspore destined to become an ES. However, as will be 
shown below, this expectation is not fulfilled in M. hupehensis. In Fig. 
12 we find three cells. The one nearest to the micropyle has degen- 
erated. This cell corresponds to one in Fig. 13 which was in metaphase 
and in a stage of degeneration. In this latter figure the second division 
was found to be irregular; some of the chromosomes at opposite poles 
were at a distance from the main chromosome groups. If this cell 
divided it would result in two unequal sized cells, because these two 
groups of chromosomes are not found at equal distance from the ends of 
the cell. This is what is found in Fig. 12. Here one cell is degenerating. 
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One of the sister cells from the second division is small, the other large, 
and in this large cell there is a small chromosome mass outside the main 
nucleus, indicating that this cell is not an ordinary somatic cell but the 
product of an irregular second division of an EMC. 

Direct as well as indirect evidence shows that meiotic cells at some 
stage of their development degenerate while somatic cells in their imme- 
diate vicinity usually grow in size and develop into embryo sacs. Figure 
14 illustrates this point clearly. Here is shown a rather large somatic 
cell with a large nucleolus, above which there is a meiotic cell in a stage 
of degeneration. In Fig. 15 is shown such a cell that has grown in size. 
The nucleus has divided and the cell is in a two-nucleate stage and 
beginning to develop into an ES. At the base of this are shown four 
cells in a row that have annular xylem thickenings, an unexpected mani- 
festation in an ovule, this type of cell being characteristic of vegetative 
tissues. Similar cells were found at later stages of ES development and 
in one case in a complex ES. Serial sections from either side of this 
were scrutinized and no trace of degenerating meiotic cells was found in 
the neighborhood of this binucleate ES. Therefore, it may be that these 
four annulated cells represent the tetrad resulting from two meiotic divi- 
sions. Their degeneration was expressed by transformation into xylem 
elements. Such cases were found only in 1932 material. 

In the majority of cases the embryo sacs were structurally complex. 
These were found to have resulted from the fusion of two or more 
embryo sacs. A simple case is shown in Fig. 16 where two embryo sacs 
were found growing simultaneously. In other cases the number of these 
young embryo sacs growing side by side may reach six or more. In this 
figure one is four-nucleate and the other below it two-nucleate. In Fig. 
23 two adjacent sacs are shown in mature egg apparatus stages. Figure 
17 represents the middle section of five serial sections in which a total of 
30 nuclei could be counted which may have resulted from fusion of four 
embryo sacs, boundaries of which could not be made out clearly. 

Illustrations from Fig. 18 to Fig. 35 inclusive are diagrammatic rep- 
resentation of comparative development of embryo sacs and embryos in 
M. arnoldiana and M. hupehensis. Figures 18 and 19, the former from 
M. arnoldiana and the latter from M. hupehensis, are from material 
fixed at the time of full bloom. Both represent the stage when the 
embryo sacs have completed the cycle of the development with three 
antipodal nuclei cut off, each having formed a separate small cell. The 
main portion of the ES now functions as a distinct body in which there is 
an egg cell with two synergid cells together forming the egg apparatus, 
below which the two polar nuclei have approached each other but com- 
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plete fusion is delayed, perhaps till joined with a sperm. A similar 
situation was observed in Lilium regale (original observation) where 
first the upper polar nucleus is joined with a sperm and these two jointly 
meet half way with the lower polar nucleus. By the time of fertilization 
the egg cell is larger than the synergids (Fig. 20, M. arnoldiana). In 
these drawings the upper limits of the egg and synergid cells are not 
shown because they were vague in my preparations. In Fig. 19 (M. 
hupehensis) a dotted nucleolus of one of the polar nuclei and a dotted 
synergid cell are superimposed on the main portion from an adjacent 
section in a single drawing. The outer broken line represents the inner 
limit of the nucellus. A more mature ES is shown in Fig. 20 of M. 
arnoldiana from material fixed at the time of calyx shedding (the last 
remnant of the perianth with dried up styles). Here only nucleoli are 
shown. At this stage the antipodal cells had disappeared and the sac 
had grown longer but not much wider. At this time of the ES develop- 
ment fertilization has usually taken place, but perhaps due to climatic 
conditions some cells remain unfertilized. In the ES shown in Fig. 21 
(M. arnoldiana) there is a clear indication that fertilization has taken 
place, judging by the amount of nucleolus in the egg nucleus in compari- 
son with the same in the synergids. In the other figures (Figs. 18-20, 
taking these individually) the size of the nucleoli in the egg and the 
synergids is remarkably similar. Fertilization in Fig. 21 is further 
indicated by the fact that there appears the beginning of endosperm 
nuclear division, due to fusion of the polar nuclei with a male gamete. 
The embryo sacs shown in Figs. 22, 23 and 24, all of M. hupehensis, 
are from material fixed at the time of calyx shedding as in Figs. 20 and - 
21 of M. arnoldiana. These five figures are drawn to the same scale. 
In all the antipodals have disappeared. Judging from the size of the 
nucleoli of the cells in the egg apparati in the three figures (22, 23 and 
24), as in Fig. 20 pointed out above, there is no indication of fertiliza- 
tion and these cells will remain unfertilized since the fruits at this time 
_are quite advanced and the styles have long since dried up and dropped 
off with the remaining part of the perianth. In Fig..22 we see the 
beginning of endosperm formation after, perhaps, polar nuclei have 
fused together and divided without being fertilized. The egg cell grows 
larger, its nucleus moves to the tip of the cell, the synergids eventually 
disappear and long after there sets a cell division at the tip of the egg 
cell. From now on the ES begins to grow lengthwise and extends 
through the nucellar tissue in a manner similar to pollen tube growth. 
The nucellar cells in the neighborhood of the sac begin to break down, 
undoubtedly due to some sort of enzymic action, offering no resistance 
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to the tubular growth of the ES. In Fig. 23 we find two embryo sacs 
side by side. The missing parts of these are given at the side of the twin 
sacs drawn from-an adjacent section. Here a fused polar nucleus is 
shown under one of the cells of the egg apparatus, indicating that polar 
nuclei may fuse before the endosperm development is set. Figure 24 
represents a single ES; one of the cells shown at the side is drawn from 
an adjacent section. 

Tubular growth of the ES in M. arnoldiana is in proportion to the 
embryo growth. About a week after fertilization the number of cells in 
longitudinal section of the embryo is about six. At this time the tip of 
the ES is % to % the length of the nucellus. In M. hupehensis, when 
the ES is a derivative of only one somatic cell, the width of the sac is 
about the same as that of M. arnoldiana, but in the great majority of the 
ovules examined, the ES has grown disproportionately wider and deeper 
in the nucellus after reaching its basal limit, independently of the amount 
of endosperm as well as embryo growth which at this time may still be 
in the one cell stage. This is undoubtedly due to the compound nature 
of the ES, as shown for example in Figs. 17 and 23. Figure 25 represents 
a very young embryo (proembryo) of M. arnoldiana about two weeks 
after fertilization. At this time the number of cells in the proembryo in 
longitudinal section averages ten. The tip of the ES has barely reached 
the lower limit of the nucellus. Figure 26 shows diagrammatically this 
stage. The broken line in this figure indicates the extent and the limit 
of the ES while the dotted line at the base shows the basal tissue which 
is firm and not penetrated by the ES. In Fig. 27 is shown the beginning 
of proembryo formation in M. hupehensis, two weeks after shedding of 
petals. 

The embryo development in M. arnoldiana is regular and rapid com- 
pared with that of M. hupehensis. About three weeks after fertilization 
the proembryo in M. arnoldiana differentiates into a suspensor and a 
true embryo (Fig. 28). In this figure the endosperm, composed of a 
uninucleate layer, is separated from the nucellar tissue due to shrinkage 
from fixation. In M. hupehensis, if any embryo development is initiated, 
the embryos are still in proembryonic form at a corresponding period. 
Such a stage is shown in Fig. 29. This drawing represents a compound 
ES in which two proembryos were found, one at the micropylar corner 
and the other in the free space, away from the nucellus, each undoubt- 
edly belonging to a separate ES, the limits of which cannot be easily 
distinguished. A four weeks old embryo of M. arnoldiana is illustrated 
in Fig. 30 showing the suspensor, the true embryo and more extended 
growth of endosperm tissue, the broken line indicating its limit of growth. 
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The central region of the ES is still devoid of this tissue. In M. hupe- 
hensis, four weeks from the time of flower shedding, the proembryo is 
still undifferentiated. Such a stage is illustrated in Fig. 31. In this case 
a single proembryo was found in the middle of a complex ES. Eventu- 
ally other embryos may develop in the same sac. This particular ES 
was chosen for illustration merely to indicate that in M. hupehensis 
embryos develop, as seen in prepared material, directly from the ES and 
never from any other tissue surrounding or near the ES; otherwise, more 
often, the embryos are located at or near the micropylar corner. Figure 
32 represents a six weeks old embryo in M. arnoldiana when the coty- 
ledons begin to differentiate. The broken line indicates the limit of a 
dense endosperm layer next to the nucellar tissue. This layer seems to 
separate the suspensor from the nucellus and extend between these. The 
embryo is imbedded in looser endosperm. Figure 33 shows the stage of 
embryo development in M. hupehensis six weeks from flower shedding. 
Here there is the beginning of differentiation of the proembryo into a 
suspensor and a true embryo with few endosperm nuclei in the sac. 
Figure 34, drawn to a smaller scale, shows a five weeks embryo from a 
wide view of the cotyledon in M. arnoldiana. The broken line shows the 
limit of the dense endosperm, the embryo being imbedded in loose endo- 
sperm. The outer two solid lines indicate the limit of the integumental 
tissue. The extent of embryo development in M. hupehensis at a cor- 
responding period is shown in Fig. 35 drawn to the same scale used in 
figures preceding Fig. 34. Broken lines indicate the extent of endosperm 
growth which is shrunk away from the nucellus. The middle area is 

still devoid of such growth. 

Often in M. hupehensis there were found twin ovules, each with its own 
ES, both enclosed in a common testa. In some the demarcation between 
the twins is quite distinct, in others vague. In Fig. 35 only the upper 
limits of such twin ovules are shown, where the demarcation, shown by a 
dotted line, could hardly be distinguished. At the left side of the suspen- 
sor in this figure there is a bulge which may indicate that at this point an- 
other true embryo may be initiated resulting in a “siamese twin.” In 
more mature stages I have observed structurally complex embryos which 
may have been originated from such a process of development. 

The above ends the description of comparative illustrations for M. 
arnoldiana and M. hupehensis. The following description is based on 
M. hupehensis material given in Figs. 36-38. 

Figure 36 represents an embryo from material fixed two months after 
shedding of flowers, which is still in a premature stage; while in M. 
arnoldiana the embryos were fully developed and filled the whole 
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nucellar area. The sac in this particular ovule is divided into two por- 
tions indicated by a dotted line. The side which contains the embryo is 
filled with loose endosperm cells. The other side has only a narrow strip 
of endosperm shown in the drawing with broken lines. Examining the 
serial sections, at the upper corner of this portion there was found a very 
young embryo. As a whole the embryos at this late period of develop- 
ment did not vary much from the one shown in this figure. An enlarged 
drawing of this embryo is given in Fig. 37. The cells in the suspensor 
are drawn loosely since their actual limits could not be made out clearly. 
The round tip represents the beginning of development of the true 
embryo. A three months old embryo, from a narrow view of cotyledons, 
is given in Fig. 38 drawn to the same scale as Fig. 34. Between the 
cotyledons the epicotyle is beginning to be formed. In this drawing the 
testa which was removed from the seed for better penetration of fixative 
is not shown. At this period the embryo is %4 to %4 way down in 
the sac and has not yet replaced the endosperm as well as the nucellus. 


DISCUSSION 


The title of this paper is meant to suggest that embryogeny in M. hupe- 
hensis occurs by means of development of unfertilized egg cells and 
further, that embryo sacs in the ovules develop from other cells than 
megaspores or megaspore mother cells (egg mother cells). The terms 
-apospory and parthenogenesis, as here applied are meant in the following 
sense: Apospory signifies the development of an embryo sac from a cell 
other than a megaspore or megaspore mother cell; Parthenogenesis signi- 
fies the development of an embryo from an egg cell without fertiliza- 
tion. The two processes are included in the term Apomixis which sig- 
nifies the absence of sexual fusion in the reproductive process. 

Almost without exception in the ovules of M. hupehensis there is one 
typical meiotic cell that.can be recognized by its synezetic chromosomal 
appearance in early stages. Rarely a meiotic cell is not recognized in 
this or in an advanced stage. Both in the ovules and in the anthers 
there is an attempt at reduction in meiotic cells. In the anther the great 
majority of cells reach the tetrad stage with a wall around each of the 
resulting cells. ‘The component microspores of the tetrads, however, 
do not break away and their development ceases at this stage and 
eventually the tetrads degenerate. Some cells do not even go through 
reduction but stop at metaphase. A comparable situation exists in the 
ovules where, if meiotic division is at all successful, one of the resulting 
megaspores may tend to grow somewhat, while others have ceased to 
grow or have already disintegrated. However, the author’s impression 
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is that probably never.in this species is a megaspore developed into a 
functional ES. All the evidence available tends to show that the 
embryo sacs are of aposporic origin. 

As was described in the text, in the ovule, in the immediate vicinity of 
a meiotic cell, there is usually more than one somatic cell with a large 
nucleolated nucleus which in almost all ovules develops into a typical 

-eight-nucleate embryo sac which sooner or later forms the egg appa- 
ratus. A few ovules were found which were devoid of embryo sacs. 
The ovules themselves continued to grow. In most cases the embryo 
sacs were complex in appearance and were found to have resulted from 
the fusion of two or more aposporic embryo sacs. In such embryo sacs 
more than one egg apparatus is formed, from which the appropriate 
number of embryos and appropriate number of endosperm layers could 
be formed. No indication whatever was found of development of 
embryo sacs and embryos from any other tissue than described in the 
text. The exact origin of these parts could be fully demonstrated since 
a very large number of ovules at all significant stages was examined. 
Furthermore, these stages were carefully checked by using as control a 
diploid form of apple in parallel observations and there were found no 
exceptions to the rule indicated above. 

Kobel (1931) refers to “diploid parthenogenesis” in an apple variety, 
“Transparent von Croncels.”’ No reference was found in the literature 
on apples giving any account of such a phenomenon. Liljefors (1934) 
has shown apospory to be present in two tetraploid species of Sorbus. 
Rosenberg (1908) describes a similar phenomenon in Hieracium. He 
finds that the greater number of the embryo sacs in the ovules in Hiera- 
cium are of aposporic origin, and that “Simultaneously with the develop- 
ment of this vegetative cell into an embryo sac, the embryo sac mother 
cell is, as usual, divided-into tetrads with the reduced number of chromo- 
somes, and a normal embryo sac commences to develop. This however, 
most usually, is sooner or later destroyed by the encroaching aposporic 
embryo sac. Still in some cases two embryo sacs could be fully devel- 
oped: one probably typical and the other aposporic. Ii the same head 
some ovules have a typical and others an aposporic embryo sac.” As 
in Hieracium, in M. hupehensis there is a typical meiotic cell present, 
but apart from that only aposporic cells develop into functional embyro 
sacs. Rosenberg has made no mention of this point. 

To show definitely whether reduced cells play any role in embryo 
development, a large number of seeds was planted from which a very 
small number of seedlings was obtained. Of a total of 39 seedlings,.two 
were tetraploids, one had some roots showing the triploid number and 
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some hexaploid (this plant was destroyed after transplanting; if grown 
it might have developed into a chimeral plant since such an effect was 
already noticeable in the seedling), and 36 were triploids, one of which 
showed a more vigorous growth than others. Tetraploid as well as a few 
other sister triploid seedlings are now saved for future study. To be 
positive whether any reductional megaspore actually entered into the 
formation of a mature ES, the chromosome number in the ES nuclei or 
anywhere else during embryo development should be studied at the 
time when some nuclei or cells may be found dividing. Such an exami- 
nation was not made since in this respect the fixation of my material was 
not as successful as could be desired. However, based on the observed 
facts recorded from studying numerous ovules at early and later stages 
of ES development and the fact that no aneuploid chromosome number 
could be found in the seedlings examined, we may be justified in con- 
cluding that although there is usually a meiotic cell present in the 
ovules, the embryo sacs, however, develop only from somatic cells in 
the immediate vicinity of the meiotic cell, at which time meiotic cells 
degenerate. When the rate of embryo development in M. arnoldiana is 
compared with that of M. hupehensis, as was pointed out in the text, the 
embryo development in the latter was very slow without a single excep- 
tion. Very few seeds at maturity in M. hupehensis were at all fully 
filled; for the most part they were empty or contained diminutive 
embryos indicating their somatic origin. 

It is a noteworthy phenomenon that in M. hupehensis, although an 
egg cell with a somatic number of chromosomes can develop into an 
embryo parthenogenetically to insure the stabilization as well as the 
propagation of the species, this same egg cell is at times receptive to 
fertilization with a haploid male gamete derived from a diploid species. 
Considering it in more practical terms, this type of hybridization if 
successful, may be used as a method of generation of new species arti- 
ficially, considering that this combination occurred normally with no 
application of artificial methods. It may be assumed that some of the 
tetraploid species found in nature have originated in this fashion. 

Triploidy in itself is an indication that M. hupehensis is a derivative 
either from a similar species but of diploid form, or from a hybrid be- 
tween two species and later, through one haploid gamete being fused 
with a diploid gamete, or from a cross between a tetraploid and diploid 
species. In any case, the polyploidy in this plant seems to have brought 
about a genetic unbalance by virtue of which normal sexuality was sup- 
pressed but not enough to suppress the inherent property of the ovule to 
produce a gametophyte, although of sporophytic origin, thus insuring 
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alternative process of generation fundamental in almost all the plant 
kingdom. A genetic unbalance due to triploidy seems to have brought 
about a vegetative tendency of which parthenogenesis is the result, which 
in itself may be considered as being a vegetative process. In extreme 
cases the same tendency is expressed in the differentiation of nucellar 
cells into conductive (xylem) elements (Fig. 15) which are characteris- 
tic only of vegetative tissues while poeta cells serve as a food source 
for a gametophytic growth. 

The same factor seems to be at play in . the disintegration of sexual 
cells in the ovules where these cells begin to degenerate at times even 
before they have begun to divide. The destruction of these cells in M. 
hupehensis is not a physical process of encroaching of an aposporic ES 
over a normal one, as Rosenberg reports for Hieracium, as if there were 
a competitive growth between these embryo sacs, but a process likely 
physiological, since egg mother cells begin to degenerate before an apo- 
sporic ES has commenced to develop. 

Usually simple hybridization between any two species is not sufficient 
to lead to parthenogenesis or apomixis, in general, and such a method of 
propagation seems to be commonly linked with genetic unbalance 
through polyploidy. The data presented by Gustafsson (1935) in Table 
8 seem to substantiate the validity of such an assumption. He presents 
the data of ten genera all of which in diploid form, with the exception of 
Potentilla, are sexual. Apomixis appears to be prevalent whenever the 
genom is in odd numbers, 3x, 5x,. . ., 15x the basic number of chromo- 
somes. On the other hand in polyploids with an even number there are 
both tendencies, apomictic as well as sexual, present. 

The prevalence of apomixis in polyploids with odd chromosome num- 
bers may be usually due to a cytogenetic unbalance brought about by 
random and unequal distribution of chromosomes so that in some species 
such megaspores may not develop into functional embryo sacs. The 
triploid apple species studied in this paper differs from ordinary triploids 
in the fact that sexual cells may degenerate even before a first division 
is accomplished and not as a result of random and unequal distribution 
of chromosomes. In this laboratory we analyzed the cytological situa- 
tion in the Baldwin apple, a triploid form, and found an approximately 
normal distribution of chromosomes from germinating seeds (see page 
106). Here neither the polyploidy nor unequal distribution of chromo- 
somes had any apparent effect on the normal sexual processes. 

If specific genes were responsible for the apomictic phenomenon, as 
Gustafsson seems to argue, then the same phenomenon should have been 
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equally common in diploid hybrids, which is not the case judging from 
the table he presents. 

The present author’s contention is that the parthenogenetic process is 
fundamentally a vegetative act on the part of the egg cell growing into 
an embryo without uniting or being stimulated by a sperm. As a whole, 
in plants, parthenogenesis seems to be linked with polyploidy which 
accelerates vegetative growth and decreases normal sexual development. 
Crane and Lawrence (1930) have remarked that in apple “triploids are 
invariably vigorous.” Ina hybrid of Mahonia < Berberis, two closely 
related genera in Berberidaceae, there is a complete suppression not only 
of sexuality but even of formation of sexual parts such as flowers. The 
whole plant is completely vegetative and vigorous in growth. This 
hybrid has the same number of chromosomes as its parents with 2n = 
28 (Dermen 1931). Obviously here polyploidy is not the cause of this 
peculiarity but it may be due to extreme vigor brought about by com- 
bining the two species of closely related genera. We have made attempts 
to make some artificial hybridization between the above two genera; if 
successful, the study of the intergeneric plants as well as the full analysis 
of tetraploid forms derived in M. hupehensis mentioned above should 
throw a good deal of light on the attempts to determine some of the 
causes of parthenogenesis. 

Taxonomically M. hupehensis must be considered as a very stable 
species since very rarely will it fail to breed true from seeds. Most 
diploid species are more or less cross fertile with other species within 
the genus and when grown together they will fail to breed true from 
seeds; hence their propagation must be insured by grafting or by other 
vegetative methods. Malus hupehensis in this respect cannot be con- 
sidered as a typical species since it differs from the normal in that it may 
safely be propagated from seeds although grown side by side with other 
species. As we have pointed out the seeds here develop parthenogeneti- 
cally and very seldom through fertilization, in which case we may obtain 
entirely new cytological forms, as was described in the text. It is safe to 
assume that M. hupehensis is of hybrid origin and is consequently an 
allopolyploid form cytologically, since we assume that mere autopoly- 
ploidy through fusion of a haploid and a diploid gamete in a pure species 
will not bring about a genetic unbalance which would eventually have 
resulted in parthenogenesis. Some species in Pomoideae that are found 
to breed true under similar conditions, from seeds, may be suspected of 
similar phenomena as those described for M. hupehensis. This analogy 
may be extended to other species of similar behavior in other families. 
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SUMMARY 


Malus hupehensis (Pamp.) Rehd. is a triploid species with 3n = 51 
chromosomes. Sexuality is completely suppressed through degeneration | 
of sexual cells in both anthers and ovules; however, the propagation of 
the species is carried on by parthenogenetic method. Evidence of hybrid 
origin of this species is indicated. 

In the ovules embryo sacs are probably entirely formed by apospory 
in which normal egg apparati are formed. It is the egg cells alone that 
develop into embryos, and embryos never are formed from any other 
source. Polyembryony in M. hupehensis is found to be linked with the 
development of complex embryo sacs. 

Based on the fact that parthenogenesis is commonly associated with 
polyploidy, a suggestion is made’ that the expression of such a phenome- 
non in M. hupehensis may be due to a physiological change brought 
about by triploidy and that this factor accelerates the vegetative growth 
in the plant and decreases or entirely suppresses its normal sexual 
development. 
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EXPLANATION OF PLATES 179-181 
Figs. 1-17 Malus hupehensis 


Fig. 1. Triploid number 3n = 51 chromosomes from root-tip sections. 

Fig. 2. Tetraploid number 4n = 68 chromosomes from root-tip sections. 

Fig. 3. I1 M from anther with 25+ chromosomes at each pole. Aceto- 
carmine preparation. Material prepared between last week of 
April and first week of May, about ten days before buds turn 
pink. 


Fig. 


13. 


14. 


15. 
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. Egg mother cell (EMC) at I M with 51 univalent chromosomes 


from two sections a and b. Ovaries fixed from buds at pink 
stage, May 10, 1932.1 


. EMC at I A in two sections. Pink stage, 5/10/32. 

. EMC at pachytene. Pink stage, 5/9/32. 

. Two EMCs at late pachytene. Pink stage, 5/10/32. 

. EMC atIM. Pink stage, 5/9/32. 

. Same as Fig. 8 showing cells in vicinity of the top of the 


nucellus. 


. Outline drawing of an ovule showing the EMC in Fig. 9, the 


nucellus and the integuments. 


. An EMC at IM degeneration. Pink stage, 5/10/32. 
. Tetrad stage of megaspores. Upper one failed to divide and 


degenerated, the large one grown somewhat and its being of a 
meiotic derivative is indicated by a small nuclear mass outside 
the large nucleus. Petals falling stage, 5/10/32. 

Two daughter cells from an EMC division, one degenerating and 
the other at anaphase stage. Some of the chromosomes were off 
the plates, showing meiotic origin of these cells. Petals just 
opening stage, 5/10/32. 

A somatic cell with a large nucleolus growing into an ES apos- 
porically, while the meiotic one above is degenerating. Petal 
just opening stage, 5/10/32. 

Two-nucleate aposporic ES and below it a tetrad of cells (of 
meiotic origin?) with xylem annular thickenings. Open bloom 
stage, 5/9/32. 


1Pink stage buds usually at 5th of May in the Arnold Arboretum. 


Fig. 16. 
Fig. 17. 


Fig. 


Fig: 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


18. 


19. 


20. 


21. 
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24. 


25. 
26. 


Two aposporic embryo sacs, one two-nucleate and the other 
four-nucleate. Flowers just bloomed stage, 5/10/34. 

A middle section of a compound ES with some 30 nuclei in five 
serial sections. Flowers just bloomed stage, 5/10/34. 

M. arnoldiana. A complete ES with egg apparatus (egg cell 
and synergids), two polar nuclei and three antipodal cells, before 
fertilization. Before shedding of petals, 5/11/34. 

M. hupehensis. A complete ES as in Fig..18. One polar nucle- 
olus and one synergid cell, dotted, from an adjacent section 
superimposed in a single drawing. Before shedding of petals, 
5/10/34. 

M. arnoldiana. An unfertilized ES. Antipodals have dis- 
appeared. Just about at shedding of calyx, 5/19/34. 

M. arnoldiana. A fertilized ES. Otherwise same as in Fig. 20. 
M. hupehensis. Endosperm development and tubular growth of 
ES. At shedding of calyx, 5/18/34. 

M. hupehensis. Twin ES. Parts drawn at the side from an 
adjacent section. Antipodals have disappeared. From same 
material as Fig. 22. ; 

M. hupehensis. A single ES. One of the cells of the egg 
apparatus drawn from an adjacent section. From same material 
as Fig. 22. 

M. arnoldiana. Proembryo stage with scant endosperm. 
Material fixed 5/31/34. 

M. arnoldiana. Longitudinal section of a whole young seed at 
the time of proembryo about 12 cells long. This shows the 
extent of tubular growth of ES. Material same as in Fig. 25. 
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M. hupehensis. Proembryo and beginning of endosperm de- 
velopment. Material fixed 5/31/34. 


. M. arnoldiana. Suspensor and true embryo. Material fixed 


6/5/34. 


. M. hupehensis. ‘Two proembryos in one complex ES. Lower 


one is away from nucellus. Material fixed 6/5/34. 


. M. arnoldiana. Suspensor and embryo at a later stage with con- 


siderable amount of endosperm. Material fixed 6/11/34. 


. M. hupehensis. Still in proembryonic stage. This also chosen 


to show the development of embryo away from nucellus. Material 
fixed 6/11/34. 


. M. arnoldiana. Older embryo with suspensor. Material fixed 


6/18/34. 


. M. hupehensis. Just the beginning of proembryo differentia- 


tion into suspensor and true embryo. Endosperm still scarce. 
Material fixed 6/18/34. 


. M. arnoldiana. Advanced stage of embryo. The nucellus is not 


yet completely replaced by endosperm. The outer two solid 
lines indicate the limits of testa. Material fixed 6/26/34. 


. M. hupehensis. Twin ovule marked with a dotted line. In the 


one at the right is shown the somewhat advanced stage in sus- 
pensor and embryo differentiation compared with the one in 
Fig. 33. Broken lines indicate the extent of endosperm develop- 
ment. Material fixed 6/26/34. 

M. hupehensts. Twin ES, one with advanced stage of suspensor 
and embryo. This sac is completely filled with loose endosperm 
tissue. The other has in another section a proembryo just begin- 
ning to differentiate into suspensor and true embryo. This 
latter sac has a little growth of endosperm. Material fixed 
7/14/34. 

M. hupehensis. Enlarged drawing of the embryo in Fig. 36 to 
show the development of embryo independent of nucellus. 

M. hupehensis. The stage of embryo development three months 
after meiotic stage. The embryo is not yet halfway down in © 
the nucellus. The testa is not shown in this figure. Material 
fixed 8/7/34. 


CytoLocicaL LABoRATORY, ARNOLD ARBORETUM, 
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FERTILIZATION IN THE BALDWIN APPLE, A TRIPLOID 
VARIETY 


Haic DERMEN 


THE DATA presented in Table I were obtained by studying sectioned 
root-tips from germinating seeds of the Baldwin apple. Several hun- 
dred seeds were placed in a box mixed with well moistened peat and 
frozen in a refrigerator for more than two months, from 1/9/34 to 
3/19/34. They were then planted in soil in a flat. The seeds began 
to germinate during the latter part of March and one primary root-tip 
from each individual seed was cut and fixed in Lewitzky’s solution. 
Four separate collections were made, 3/30/34, 4/2/34, 4/3/34 and 
4/18/34. Fourteen seeds were analyzed from the collection of 3/30/34, 
41 from that of 4/2/34, 45 from that of 4/3/34 and 36 from that of 
4/18/34. Each root-tip was numbered and each group was recorded 
separately. Studying each group separately, no appreciable difference 
in the distribution of chromosome numbers was found, indicating that 
there was no segregation of chromosome numbers due to difference in 
seeds germinating at different times. Moffett (1931) has analyzed the 
somatic chromosome numbers of 32 seedlings obtained from four differ- 
ent 3n < 2n crosses and has found 10 seedlings having 41 chromosomes, 
other seedlings sharply varying from this number. Based on this 
observation he remarks that ‘‘41 chromosome number is the secondary 
diploid number (thirty-four). It is to be imputed that the high fre- 
quency of seedlings with 41 chromosomes is due to the greater viability 
of the 17 + 7 gametes in the triploid rather than to their zygotic via- 
bility, since seedlings having other chromosome numbers are frequently 
more vigorous than the 41 type.” 

Moffett has observed secondary pairing in the meiotic metaphase 
chromosomes of all the diploid types of the Pomoideae, forming sexiva- 
lent and quadrivalent groups and in extreme cases seven groups — three 
sexivalents and four quadrivalents. Because of this and the fact that 
he found more seedlings with 41 chromosomes than with other numbers, 
he has concluded that the 34 chromosomes of the diploid Pomoideae are 
of seven types, of which four are presented four times and three are pre- 
sented six times, and that the haploid number 17 is a secondary basic 
number of-7, the ancestral basic number. A critique of this point of 
view is presented by Sax (1933). 
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At Dr. Karl Sax’s suggestion the present writer examined the somatic 
number of chromosomes from 136 germinating seeds. Of these seeds 
130 showed numbers ranging from 35 to 51 (Table I) and six seeds had 
the following numbers: 16==/53) 1/=57))1/== 58, 1 ==:59, 1: = 62, and 
1 = 65 chromosomes (these are not included in the table). Here we 
notice that the class with 40 chromosomes is higher than the class with 
41 chromosomes. The distribution here recorded is quite random and 
does not suggest that a gamete with 17 + 7 chromosomal combina- 
tion has any advantage over the other combinations. Therefore, the fact 
that the class 41 singly is not larger than other classes, but conforms 
quite nearly to the expectation on the basis of normal distribution, 
invalidates Moffett’s theory that a 17 + 7 chromosomal combination is 
more viable than others. The only peculiarity observed in this table is 
that the class with 39 chromosomes has only 9 seeds, fewer than ex- 
pected, in which case perhaps for some reason some eggs with 22 chromo- 
somes were either too few or failed to be fertilized. 


TABLE I 
CHROMOSOME DISTRIBUTION IN BALDWIN APPLE SEEDS 


Chromosome ie | | 
number in 34/35 | 36| 37 |38|/39| 40| 41 pee 44/45 fa ie 48|}49/50/51 
seeds | | 
eee 16| 9 |24/20| 16| 13] 10 -|3 
of seeds 


Statisticalsdata) Mean’ = "41 .36"=2-.0:173':os=22.93: £10,122; CV. =- 
7.09 + 0.296. 


Pollen germination in the Baldwin apple is about 11-12% (Crane 
and Lawrence, 1930). By making breeding tests Sax (1922) has shown 
that the Baldwin is self sterile in Maine. The data presented here are 
from seeds of fruit set by open pollination. If the seeds had resulted 
from self pollination or cross pollination with another triploid form, the 
class center should have been around 51 and not, as in the table, far 
below this and with only five seeds above it. This strongly indicates 
that the Baldwin apple is self sterile in Massachusetts as well as in 
Maine and that it is easily cross fertile with diploid varieties. In this 
case, over 95% of the seeds must have resulted from pollination with 
haploid gametes from diploid varieties. The six seeds probably were 
the result of fertilization of eggs that contained more than 34 chromo- 
somes which may have been due to restricted reduction division when 
at the first metaphase chromosomes fail to reduce and the great majority 
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of chromosomes go into resting stage again, while a few form small 
microcytes. Such cases were observed in Rhoeo discolor when treated 
with cold or heat. The fact that there were only three seeds with 51 
chromosomes and none immediately below makes remote the proba- 
bility of the six seeds with higher numbers having resulted from pollina- 
tion with another triploid variety. On the basis of 3n < 3n cross with 
the union of gametes with 25 + chromosomes, seeds with chromosomes 
ranging around 51 as a central point should have been numerous which 
obviously is not the case. 
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TWO SPRUCE-INFECTING RUSTS 
CHRYSOMYXA PIPERIANA AND CHRYSOMYXA CHIOGENIS 


JH EAULD 


Chrysomyxa Piperiana (Arthur) Sacc. & Trott. is a common rust on 
the Pacific slope of the northwestern United States, and within that 
region has been collected in Washington, Oregon and northern Cali- 
fornia. Up to the present it has been recognized on Rhododendron 
macrophyllum Don (Rh. californicum Hook.) only, and on that host 
in its uredial stage only. The earlier collections were usually labelled 
Chrysomyxa Rhododendri DeBary, but evenually Arthur diagnosed it 
as a new species and described it from its uredia under the name 
Melampsoropsis Piperiana. Recent successful infection experiments, 
however, conducted in the greenhouses of the Arnold Arboretum, demon- 
strate that Peridermium Parksianum Faull on Picea sitchensis (Bong.) 
Carr. is the haploid phase of this rust. Moreover, abundant telia, telio- 
spores and basidiospores have been discovered in material collected in 
Oregon by Dr. G. D. Darker. So it is now possible to present a complete 
taxonomic description of Chrysomyxa Piperiana. 

The cultures referred to were made by sowing the aeciospores of 
Peridermium Parksianum on two small potted plants of Rhododendron 
macrophyllum ; two similar ones served as controls. All four were grown . 
from seed of British Columbia origin, sown February 8, 1928 by Mr. 
William H. Judd at the Arnold Arboretum. The greenhouses were 
entirely free from Rhododendron rust of any kind. 

The aecial material used as inoculum was collected by Mr. H. E. 
Parks at Trinidad, Humboldt County, California, November 23, 1933 
and sent in fresh condition by air mail. The aeciospores were sown five 
days later. A relatively small percentage of the spores.germinated, but 
with the liberal amount employed the number was amply sufficient. 
Within a month to six weeks many small yellow lesions developed on 
the inoculated plants. Thereafter until early April the lesions, some of 
them slightly swollen, seemed to remain in a somewhat stromatic resting 
condition. Then hypophyllous uredia, usually about one to a lesion, 
began to form on several of the lesions. The first discharge of uredio- 
spores was noted April 27, 1934. Careful studies of both uredia and 
urediospores were promptly made. Fortunately, herbarium material 
(a single rusted leaf) was harvested prior to serious fumigation injury 
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in June. The control plants remained throughout without any sign of 
infection. 

The discharged urediospores were yellow, ellipsoidal or linear, often 
attenuate at one or both ends, straight or slightly curved. Their walls 
were hyaline, closely tuberculate and 1.5-3.0 p thick. Forty spores 
from the same sorus measured 16.0-27.4 & 27.4-68.5 uw and averaged 
22 X 46 uw. Razor sections of the uredia showed that the spores were 
borne catenulately and separated by intercalary cells. They also re- 
vealed the presence of a well-marked peridium. The peridium consists 
of a single layer of laterally adherent cells, the terminal cells of the 
urediosporogenic, primordial columns. The finding of a peridium 
clashes with current descriptions of the uredium of C. Piperiana. But 
sections of type material or other field-collected specimens show exactly 
the same kind of peridium as found in my cultures. Indeed, the rust as 
obtained in cultures answers in all respects to C. Piperiana. 

With regard to the telia, lack of acquaintance with them is probably 
due to the fact that they are of brief duration, their occurrence coincid- 
ing with a short period of susceptibility to infection of young spruce 
needles; and so they have been missed by collectors. They surely can- 
not be rare. Once familiar with their appearance, remains of them can 
be detected in many existing collections. It is likewise probable that 
this rust is not infrequent on spruces within its range. Recognition is 
easy because of the striking microscopic characters of both spermogonia _ 
and aeciospores. 


Chrysomyxa Piperiana (Arthur) Sacc. & Trott. in Syll. Fung. 


21: 7162(1912)..(II:) O, I, II and IIT. 
Melampsoropsis Piperiana Arthur in North Am. Flora, 7: 120 (1907). 
Il. 
Caeoma Piperianum (Arthur) Sacc. & Trott. in Syll. Fung. 21: 787 
(1912). II. 
Peridermium Parksianum Faull in Jour. Arnold Arb. 15: 86 (1934). 
0; © 


O. Spermogonia on needles of current season, hypophyllous, numer- 
ous, biseriate, conspicuous, yellowish, then reddish-brown, slightly ele- 
vated, aparaphysate, immersed, subtriangular in vertical section, 
subepidermal, 228-315 broad and 125-155 yw deep, averaging 260 X 
140 ; spermatiophores unbranched; spermatia globose to broadly 
ellipsoidal, 2.7-3.2  3.0-5.0 u. 

I. Aecia (peridermia) on needles of current season, yellow, hypo- 
phyllous, irregularly biseriate, on yellowish discolored portions of 
affected needles, circular or somewhat laterally compressed in transverse 
section, cylindrical, 0.4—-1.2 mm. in diameter and 1.0-2.2 mm. high; 
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peridium colorless, rupturing at the apex; peridial cells polygonal, 
elongate vertically, subimbricate, in a single layer, 18-26 48-88 u, 
with outer walls smooth, 0.71.0 u thick, and inner walls finely verru- 
cose, about 1.5 u thick; aeciospores yellow, fusiform or narrowly ellip- 
soidal, straight or curved, rarely subglobose, 13-24 25-111 u, usually 
fusiform and averaging about 16 < 70 u; walls of aeciospores densely 
and finely warted, hyaline and about 1 y thick. 

II. Uredia hypophyllous, pustular, waxy before rupture, subepi- 
dermal, 0.2—0.4 mm. in diameter, on solitary or aggregate areolae that 
constitute the pale green to yellowish brown lesions, one each to an 
areola; peridium distinct, 10-14 u thick; peridial cells in a single layer, 
angular, thin-walled, 13-19 u in diameter; urediospores yellow, catenu- 
late, with intercalary cells, pulverulent as discharged, or extruded in a 
cylindrical column (resembling the telial column of a Cronartium) 
‘from the apically ruptured uredium, ellipsoidal to linear, often narrowed 
towards each end, straight or slightly curved, 14-27 27-100 un, aver- 
aging 16-21 X 41-67 pw; walls of spores hyaline, 1.5-3.0 wu thick, 
coarsely and closely verrucose. 

III. Telia on overwintered leaves, hypophyllous, yellow, pulvinate, 
waxy, rupturing widely at maturity and eventually becoming concave, 
subepidermal, one or two to an areola on solitary or aggregate areolae 
that constitute the pale green to yellowish brown lesions, subcircular, 
0.2-0.5 mm. in diameter; no peridium; teliospores yellow, catenulate, 
3 to 6 or more spores in a chain, without intercalary cells, smooth, thin- 
walled, 11-16 & 13-22 uw. The teliospores germinate in situ at maturity 
and in centripetal order. Basidia slightly curved to strongly arched, 
4-celled, 7-8 pp thick and up to 40 pu long. Basidiospores subglobose, 
8—11 in diameter. 

The foregoing description of telia is based on two collections of over- 
wintered leaves — (a) Still Creek, Clackamas Co., Ore., elev. 3500 ft., 
July 7, 1929, G. D. Darker (2682), Arnold Arb. Path. Herb. no. 179; 
(b) Rhododendron, Clackamas Co., Ore., elev. 2000 ft., July 9, 1929, 
G. D. Darker (2697), Arnold Arb. Path. Herb. no. 194 

The sequence of spore production on overwintered Rhododendron 
leaves seems to be — uredia in spring, telia during period of suscepti- 
bility to infection of new spruce needles, then a copious crop of uredia. 


Chrysomyxa Chiogenis Dietel is a rust long known on Chiogenes his- 
pidula (L.) Torrey & Gray, both as to its uredia and telia. Though it 
has been reported from Wisconsin, Newfoundland and northern New 
York only, it is much more widely distributed. Thus, herbaria in Har- 
vard University contain, in addition, collections from Ontario, Quebec, 
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TABLE 1 


[voL. xvi 


Chrysomyxa Chiogenis from Chiogenes hispidula to Picea glauca 


(Moench) Voss. 


First First No. of No. of 
Date of appearance appearance of Date needles needles with 
inoculation of lesions peridermia harvested infected peridermia 
23.vi.24 15 days 29 days 5.viii.24 53 47 
24.vi.24 TO» SO cs 5.vili.24 20 19 
24.vi.24 — 30% 5.viii.24 1 1 
17.vi.25 + Bods 5.viii.25 — 5 
17.vi.25 — 35 se 5.viii.25 — 25 
17.vi.25 33\jare 1.viii.25 — 38 
16.vi.28 12 days aa 31.vii. 28 14 f 
16.vi.28 12 Je a 31.vii. 28 92 42 
TABLE 2 
Chrysomyxa Chiogenis from Chiogenes hispidula to Picea mariana 
(Mill.) B.S.P. 
First First No. of No. of 
Date of appearance appearance of Date needles needles with 
inoculation of lesions peridermia harvested infected peridermia 
25.vi.24 —-- 10.ix. 24 2 2 
17.vi.25 — 35 days 5.viii.25 20 £2 
17.vi.25 — Suir ew 17.viii.25 10 a 
TABLE 3 


Chrysomyxa Chiogenis from Picea glauca to Chiogenes hispidula 


Experiment 1 


Experiment 1 of 
Table 1 


August 8, 1924 
September, 1924 
Late May, 1925 


Source of inoculum 


Date of inoculation 
First indication of lesions 
First appearance of sori 


Date harvested June 5, 1925 
No. of inoculated branches Z 
Leaves on inoculated 

branches 113 
Leaves infected and with 

sori 19 


Uredia and young 
telia (?) 


Kinds of sori 


Experiment 2 


Experiments 4 and 5 
of Table 1 


August 5, 1925 
September, 1925 
About June 1, 1926 
June 20, 1926 

) 


120 
65 


Uredia and telia 
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New Brunswick and New Hampshire. Doubtless its range is much 
greater still. In some localities it is common; but even in such places, 
because of its inconspicuousness, it easily escapes detection unless the 
prostrate branches of its host are turned over for inspection. 

So far no host other than the creeping snowberry has been recognized 
for this rust, but successful infection experiments summarized below 
demonstrate that at least two species of Picea can serve as hosts for the 
haploid phase. These experiments were conducted at the field labora- 
tory of forest pathology on Bear Island in the Timagami Forest Reserve, 
Ontario; and in connection with them I gratefully acknowledge the 
assistance afforded by Mr. W. R. Watson, Professor E. H. Moss and 
Dr. G. D. Darker. 

The numbers of uredia on the infected leaves of experiment 1 were, 
respectively — 18, 16, 35, 24, 17, 45, 20, 26, 51, 38, 34, 75, 40, 56, 
36, 24, 32, 28, 19. ‘Experiment 1 was conducted on a potted plant at 
the laboratory; Experiment 2, on an undisturbed plant in a carefully 
selected spot in the field in which no rust could be found and which was 
well protected from chance infection. Uninoculated branches of the 
experimental plants served as controls, and in addition surrounding 
plants in experiment 2. All controls remained free from rust except 
that in experiment 1 seven uredia were found on a 4-leaved twig on a 
branch immediately below the inoculated branches. 


Chrysomyxa Chiogenis Dietel in Bot. Gaz. 19: 303 (1894). (II.) 

I, II and ITI. 

Melampsoropsis Chiogenis (Dietel) Arthur in Rés. Sci. Congr. Bot.. 
Vienne, p. 338 (1906). II. 

O. Spermogonia unknown; apparently lacking. 

I. Aecia (peridermia) on needles of current season, yellow, hypo- 
phyllous, biseriate, on yellowish discolored portions of affected needles, 
lenticular to subcircular in transverse section, 0.5-1.2 mm. long and 
0.5-1.5 mm. high; peridium colorless, rupturing at the apex; peridial 
cells polygonal, elongate vertically, not imbricate, in a single layer, 
16-32 30-45 yu, with outer walls smooth, 0.5—-1.0 u thick, and inner 
walls verrucose, the warts often in short lines, 2.5—3.0 u thick; aecio- 
spores yellow, ellipsoidal to subglobose, 15-18 19-30 wu, averaging 
about 16 X 24 u; walls of aeciospores closely and rather finely to sub- 
coarsely warted, hyaline and 2-3 yu thick. 

II. Uredia hypophyllous, pustular, subepidermal, circular to ellip- 
tical, 0.2-0.7 mm. in major axis; peridium distinct, 13-16 w thick; 
peridial cells in a single layer, angular, thin-walled, 10-13 y in diameter; 
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urediospores yellow, catenulate, with intercalary cells, pulverulent, ellip- 
soidal, rarely subglobose, 12-19 18-32 wu, averaging about 16 x 
22 w; walls of spores hyaline, closely and rather finely verrucose, 
2.0-2.5 pw thick, 

III. Telia on overwintered leaves, hypophyllous, yellow, flat, waxy, 
rupturing widely at maturity, subepidermal, subcircular to elliptical, 
0.3-0.7 mm. in major axis; no peridium; teliospores yellow, catenulate, 
up to 6 or more in a chain, without intercalary cells, smooth, thin-walled, 
11-15 12-19 yu. The teliospores germinate in situ at maturity. 
Basidia slightly curved to strongly arched, 4-celled, 7-8 thick and 
up to 43 uw long. Basidiospores subglobose, 7—9 yx in diameter. 

The description of aecia given above is from culture material in 
Herbarium J. H. Faull: (a) on Picea glauca (Moench) Voss (P. cana- 
densis [Mill.] B.S.P.), nos. 7305, 7304 and 7302; (b) on Picea 
mariana (Mill.) B.S.P., nos. 7307 and 7308. 
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